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Drug: Nuvigil (armodafinil; R-modafinil) Tablets
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Related INDs and NDAs: 68,517; 42,873; 20-717
Summary and Recommendations:

The sponsor has committed to perform a repeat 2-year mouse carcinogenicity study, as requested by
the Division in the Approvable Letter, and their proposed timeline for completion of this study is
considered acceptable. The following changes to the Clinical Pharmacology and Pregnancy sections
of labeling are recommended (in red):
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March 8, 2007

Review and Evaluation of Pharmacology and Toxicology
Response to approvable letter

NDA: 21-875

Sponsor: Cephalon
West Chester, PA

Received: June 30, 2006
Drug: Nuvigil (armodafinil; R-modafinil) Tablets
Category: stimulant

Related INDs and NDAs: 68,517; 42,873; 20-717
Summary and Recommendations:

Armodafinil (R-modafinil; levorotary enantiomer of modafinil) is the R-enantiomer of racemic modafinil
(Provigil; IND 42,873; NDA 20-717), a drug approved for the treatment of excessive sleepiness
associated with narcolepsy, obstructive sleep apnea/hypopnea syndrome, and “shift work sleep
disorder.” An abbreviated nonclinical toxicology package was submitted with the application,
_consisting of 13-week bridging toxicity studies in rats and dogs, a developmental toxicology study in
rats, and cardiovascular and CNS safety evaluations as well as postapproval studies conducted with
modafinil (Tg.AC mouse carcinogenicity study, rat reproductive toxicity study, rabbit embryofetal
development study). The studies of R-modafinil submitted with the NDA indicated that that there is no
significant difference in toxicity between R-modafinil and racemic modafinil at comparable exposures
in studies of up to 3 months duration. But the bridging strategy rests on the premise that the toxic
potential of modafinil is understood, and questions about the adequacy of the toxicity evaluation of
modafinil were raised. Deficiencies in the developmental toxicity and carcinogenicity assessments of
modafinil were considered of primary importance. The pre- and postnatal development studies of
modafinil submitted with NDA 20-717 were non-standard in that neurobehavioral assessments were
not conducted on offspring exposed for the currently recommended period of development, ie,
implantation through weaning, and were thus considered inadequate. Carcinogenicity studies
conducted with the racemate (NDA 20-717) were relied upon for this application (agreed to in principle
by Division). The original mouse carcinogenicity study of racemic modafinil had been judged
inadequate, and the drug was approved with the stipulation that another mouse study be performed
Phase 4. In order to fulfill this requirement, modafinil was evaluated in a 26-week Tg.AC transgenic
mouse bioassay. While the topical Tg.AC assay was apparently considered appropriate for evaluation
of an oral drug at the time it was accepted (by full CAC, 10/97), it is not now. In addition, the rat
carcinogenicity study of modafinil was considered only marginally adequate. Thus, the assessment of
carcinogenic potential for modafinil, and by extension armodafinil, was considered incomplete.
Therefore, the NDA was deemed approvable with respect to the pharmacoloqv/tox1colocv oorhnn an

the condltlon that a_carcinogenicity assessment sl

- be conducted Phase 4. The letter (dated 4/28/06) contamed the followmg
pharm/tox request:
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You submitted two pre- and post-natal studies of modafinil. In Study DS-93-017, modafinil
was administered to rats at doses up to 100. mg/kg/day from gestation day 15 through
postpartum day 21. That study was inadequate due to the lack of any maternal toxicity and
insufficient duration of dosing. In Study DS-95-022, modafinil was administered at higher
doses (up to 200 mg/kg/day) from gestation day 7 through postpartum day 20. Although
Study DS-95-022 was otherwise adequate |t does not appear that neurobehavioral
parameters were assessed. —- o
N current ICH standards (cf. Guideline for Industry
Detection of Toxicity to Reproduction for Medicinal Products ICH-S5A September 1994).

Regarding the assessment of carcinogenic potential, you have conducted a 78-week dietary
study in mouse, a 104-week dietary study in rat, and a 26-week dermal study in the Tg.AC
transgenic mouse with modafinil. The Tg.AC mouse assay was conducted to fulfill a Phase 4
requirement for modafinil due to the inadequacy of the 78-week dietary study. We
acknowledge that you received concurrence on the use of this model from both the Agency
and the Carcinogenicity Assessment Committee; however, the dermal Tg.AC is not currently
considered appropriate for evaluation of an oral drug, based on the potential inability of the
dermal model to adequately assess the carcinogenic potential of metabolites (formed
following oral administration) or in a full battery of tissues (i.e., the Tg.AC strain is genetically
‘initiated’ for skin carcinogenicity; cf. Leder A et al. Proc Natl Acad Sci USA 87:9178- 9182,
1990; Holden HE et al. J Appl Toxicol 18(1):19-24, 1998). Considering the intended patient
population, we consider it critical that the assessment of carcinogenic potential of armodafinil
be adequate. Therefore, either a 2-year study or an appropriate alternative assay on
armodafinil needs to be conducted.

v === the carcinogenicity studies may be conducted
post marketlng a t|me I|ne should be proposed for study conduct and submission of a final
study report for each study. If you believe that you have additional information that would
justify the adequacy of the available nonclinical data regarding these two issues, please
submit them for review.

Subsequent to the issuance of the approvable letter, it was determined that an adequate rat pre- and
postnatal development study of modafinil had been conducted. This requirement has thus been met.
The current response to the approvable letter contains the sponsors’ arguments for the adequacy of
the carcinogenicity assessment of modafinil, summarized as follows:

Cephalon recognizes that the dermal Tg.AC alternative bioassay is not currently considered
by FDA as an appropriate evaluation of the carcinogenic potential of an orally administered
drug. However, based on the preponderance of nonclinical safety data that has been
generated with modafinil (the racemate of armodafinil [or R-modafinil]) and summarized
below clearly indicating that modafinil is not a carcinogenic compound, Cephalon considers
that the carcinogenic potential of armodafinil (the levorotatory isomer of modafinil) has been
adequately evaluated and is proposing removal of the recommendation by The Agency for
the initiation of a carcinogenicity bioassay (either a 2-year oral or an appropriate alternative
bioassay) with armodafinil....

In summary, the previous carcinogenicity investigations as well as two in vitro studies (cell
transformation and unscheduled DNA synthesis) having the capability to detect potential in
vivo carcinogenicity that have been performed have demonstrated that the racemate of
armodafinil is not carcinogenic. Chronic (> 6-month) systemic toxicology administration of
modafinil in both rats and dogs have not resulted in any potential (or real) preneoplastic
organ/tissue changes. The recognized drug-metabolizing capability of the skin would suggest
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that both primary circulating metabolites observed consistently with the systemic
administration of modafinil in nonclinical and clinical studies, i.e., the acid and sulfone
metabolites, would have likely been present in skin to some extent following daily dermal
application of modafinil in the Tg.AC mouse model for 26 weeks. Lastly, the general
(historical) lack of regulatory-driven carcinogenicity concerns on the basis of results from
looking at mouse data alone should strongly preclude the initiation of yet another long-term
carcinogenicity bioassay in this species. Therefore, based then on these aforementioned
reasonings, Cephalon requests that FDA reconsider their request to conduct a murine
(standard 104-week or alternative bioassay in a transgenic mouse model) carcinogenicity
study with armodafinil.

All of the information contained in the sponsor’s response has been considered previously; no new
data were submitted to address the deficiency in the carcinogenicity assessment noted in the
approvable letter. Not all animal carcinogens have been found positive in genotoxicity screens or
capable of producing preneoplastic changes in general toxicity studies (including chronic). As stated
by Jacobs in a recent review article (Tox Sci 88(1)18-23,2005): “Many of the mechanisms of
carcinogenesis found with pharmaceuticals may not be amenable to early prediction at this time.
Many of the mechanisms identified to date appear to be nongenotoxic and may require prolonged
treatment to be expressed. Current results available to the FDA do not support the idea that short-
term studies accurately predict the neoplastic findings in long-term assays of pharmaceuticals.” The
sponsor acknowledges that the dermal Tg.AC alternative bioassay is not currently considered an
appropriate model for evaluation of the carcinogenic potential of an orally administered drug. Even if
the major metabolites of modafinil are produced in the skin (which has not been demonstrated), the
exposures are unknown and would likely be limited to the skin. Although implied, since there is a
marginally valid rat study but no valid mouse carcinogenicity study of modafinil, the test species for
the requested carcinogenicity study of armodafinil was not specified in the letter. However, it is not
true that there is a lack of “regulatory-driven carcinogenicity concerns” based on mouse data alone.
The mouse would also appear to be the appropriate choice based on PK, although exposure data in
mice are limited (see original NDA review). R-modafinil is more rapidly cleared than S-modafinil in
rats, while the opposite is true in mice (and humans). Exposure margins achieved in the rat studies of
both modafinil and armodafinil were small (or non-existent). Therefore, the mouse should be used for
this study unless it can be shown that significantly higher exposures could be achieved in rats.

J.E. Fisher, Ph.D.

cc:
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April 28, 2006

Review and Evaluation of Pharmacology and Toxicology

NDA: 21-875

Sponsor: Cephalon
West Chester, PA

Received: March 31, 2005
Drug: Nuvigil (armodafinil; R-modafinil) Tablets
Category: stimulant

Related INDs and NDAs: 68,517; 42,873; 20-717

Background:  Armodafinil (R-modafinil; levorotary enantiomer of modafinil) is the R-enantiomer -

of racemic modafinil (Provigil; IND 42,873; NDA 20-717), a drug approved for the treatment of
excessive sleepiness associated with narcolepsy, obstructive sleép ‘apriea/hypopnea syndrome,
and shift work sleep disorder. In accordance with an abbreviated nonclinical toxicology program
agreed to by the Division (see 10/22/04 pre-NDA meeting minutes), bridging studies consisting of
13-week toxicity studies in rats and dogs, a developmental toxicology study in rats, and
cardiovascular and CNS safety evaluatlons _were submltted In addition, == :

wmemamg @Nd  postapproval (Phase 4) studies conducted with modaﬁnil (Tg.AC mouse
carcinogenicity study, rat reproductive toxicity study, rabbit embryofetal development study) were
included in the application.
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PHARMACOLOGY

In studies that compared the enantiomers and racemate, the pharmacological properties

of armodafinil (R-modafinil; I-modafinil;, CEP-10953..—.— 0982; the levorotary
enantiomer of modafinil) were qualitatively similar to those of the S-enantiomer (d-
modafinil;, CEP-10952" —=— 1983) and racemate (R,S-modafinil; CEP-1538; —— b(ﬂ)
40476). Experiments in mice and rats have shown that all 3 were similar in producing
behavioral stereotypy, increasing spontaneous locomotor activity, enhancing EEG/EMG-

based wakefulness; and binding to the DA transporter (IC50 value = 4 uM), although

there were some quantitative differences for some measures.

Wake Promoting Activities of Modafinil Racemate (CEP-1538), (S)-Modafinil, (CEP-
10952), and (R)-Modafinil (CEP-10953) (Study No. DRR-2003-04; conducted by
Cephalon, West Chester, PA; report dated 10/03; non-GLP)

Waking activity was evaluated in the rat by recording cortical EEG activity and nuchal
(dorsal neck muscle) electromyographic (EMG) activity. Experiments comparing racemic
modafinil (CEP-1538) and its (S)- and (A)-enantiomers (CEP-10952 and -10953,
respectively) demonstrated that all 3 compounds produced a significant wake-enhancing
effect at 100 mg/kg ip in rats, but that CEP-10952 showed significantly greater waking
activity than either CEP-1538 or CEP-10953 (Figure [.A1). The difference in
pharmacological activity between the /5/)- and (/A/-enantiomer was thought be at least
partly due to pharmacokinetic differences. In the rat there are significant differences in
the rate of clearance of (S/- vs (A/)modafinil; ie, when the racemate is given by iv
injection, the t1/2 of the (S)-enantiomer is about 30% greater than that of the (A)-
enantiomer, and the rate of clearance is significantly less. The situation is reversed in
humans, where the (A4)-enantiomer has a longer half-life (this is the stated basis for
developing the R-enantiomer).

Figure L.A1

240

B Experiment #1
1 |mExperiment #2

Time spent awake (min, 0 - 4 hrs)
B

- 8388

Veh CEP-1838 CEP-10962 CEP-10983

Fig. 3. Total minutes spent awake between 0 and 4 hours post dosing (AUC; 240 min.
maximum) in individual experiments. N= 4 rats / group; error bars = SEM.

Comparative Activity of Modafinil and its R- and S- Enantiomers for Increased Locomotor
Activity and Decreases in Barbital-induced Sleep (Report # DRR-2004-34; conducted by
b - , report dated 2/17/86; non-GLP)

» hid
When modafinii —-—10476) and its R- and S-enantiomers —____ 40982 and 40983) ( )
were compared for effects on spontaneous locomotor activity in mice, a dose of 64 mg/kg



ip increased locomotor activity 30 minutes post administration for all 3 compounds
compared to control. At a dose of 128 mg/kg, all compounds increased locomotor activity
4 hours post administration (Table I.B1). Although no significant difference in effect was
found between treatment groups in either frial, the S-enantiomer appeared somewhat
more potent. Similar results were seen in other studies.

Table 1.B1 Effects of modafinil and its enantiomers on locomotor activity
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gardlovascular Effects of CEP-10953 (R-Modafinil) In Conscnous, Telemetered Beadgle
Dogs (Cephalon Ref. No. DS-03-004; Conducted by e «:  Report
Dated 10/04; GLP)

Methods

Four male beagle dogs (implanted with telemetry transducers for the assessment of
arterial blood pressure and lead Il ECG) received oral doses (2.5 mi/kg) of 0 (vehicle,
Ora-Plus), 7.5, 20, and 50 mg/kg on days 1, 4, 8, and 11, respectively. Data collection for
each dose started at 30 min before dosing and ended approximately 6 h after dosing.
Systolic and diastolic blood pressure (SBP and DBP), HR, and all lead Il ECG variables
(PR interval, QRS duration, RR interval, and QT interval) were measured continuously for
each animal. Mean arterial blood pressure (MAP) was calculated as (DBP.+ 1/3(SBP -
DBP)) and QTc interval was caiculated according to Fridericia's method (QTcF) from lead
Il ECG. Blood was collected from each dog predose and 1, 4, 9, and 24 h postdose
following each dose for TK analysis.

Results

There was no change in SBP at any dose. A significant decrease in DBP was seen at the
end of dosing with HD, but the effect was not thought to be drug-related, since the value
was not different from baseline. DBP appeared to be increased somewhat at 20 and 50
mg/kg compared to C and baseline (statistically significant at 90 min following treatment
with 50 mg/kg). MAP followed the same pattern as DBP, with a significant decrease at
the zero-min time point and a significant increase at 90-min after 50 mg/kg. The effect at
the zero-min timepoint was not thought to be drug-related. Although vehicle control
values were extremely variable, it appeared that HR was increased by treatment at the
MD and HD (Table 1.C1).

In the ECG analysis, PR interval tended to be decreased somewhat (SS at 30 min after
HD) compared to C, which were again highly variable. RR interval was decreased at all
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doses compared to C, but was not clearly changed from baseline (-15 min values
significantly lower than C in all treatment groups; Table I.C2). QT interval was decreased
at MD and HD (SS at most time points; Table I.C3), and QTcF was decreased slightly at
240 min (Table 1.C4). The ECG waveform analysis did not indicate any effects on lead Il
ECG waveforms or rhythm.

PK parameters for (R)-modafinil and the metabolites (R)-modafinil acid and modafinil
- sulfone are shown in Table I.C5. The increases in Cmax across this dose range were
approximately dose-proportional, whereas the increases in AUC were greater than dose-
proportional. Similar dose-related increases were observed for the primary circulating
metabolites, R-modafinil acid and modafinil sulfone.

Table 1.C1
Table 4. Efects of Vehicle and CEP-10953 on Heart Rate in Conscious,
Telemetered Male Seagie Dogs
Heart Race (bym)
Thoe Vekicle CEP-10933 CEP-10983 CEP-10983
(omin) 2.8 ml/ky 73 my/ky 20 myky 0 my'ky
-15 89+12 110+ 1820+ 113218 8910
0 133£13 1811 123%8 157%18
30 7427 10629 11549 1352 0v%e
60 118426 11515 14418 158%28
% 6010 N=14 11129 151 £20%*
120 52&5 9029 117> 160+ 19%**
180 7312 9828 118210¢ 157 £ 18%**
240 128229 13219 132224 152235
300 59+8 9410 122% 14 156 12%+*
360 6429 843 1252 1] 161 = 12°*

The vehicle 2.5 mLikg Ora-Pies®) and CEP-10953 were admumistered by gavage at time 2ero.

Data fox the vehicle and 7.5-mg/kg dose level are mestt 4 standasd error of the mean of result obtained from four doses in taee
anisuals. Data for the 20- 20d 50-mg kg dose Jevels sre mean + standard esvor of the mesn of results obtained from four doses in
four animals.

* and ***denctes p < 0.05 and p <0.001 versus the time-matched vehicle.

Table 1.C2
Table 7. Effects of Vehicle and CEP-10963 on RR Interval in Conscious,
Telomaetered Male Beagie Dogs
i n-x Interval (ms)

Time Vehicle CEP-10983 CEP-10983 CEP-10983

(min) 2.5 L) 7S myiy 2wy 50 myk
15 100624 165.0 65512 117.8% | 639.9%1003%% 770.0+ 853~
0 5186753 564.7257.8 5184371 45754418
30 9064+ 749 668.5£69.8 573.82 564 2468+13.8%
60 674.5%130.1 550.8+80.8 431.1+56.0 4622+ 436
9 1072421296 7499 = 1124 57262553 45472720
120 12330494 4133710 590.7 £ 4434+= 4147 2457+
180 987.0+ 1663 703.2=724% 576.7£31.6° 412125530
240 633.12149.8 593.9£353 56553535 4893+77.8

300 1127.7+85.7 70182706 5382+ 59.4% 4560+ 41.9¢
360 10268 712 79724137 524.0 £ 49.7%%* 387.4220.7%% |

The vehicle (2.5 ml/kg Ora-Phas®) and CEP-10953 were adsministered by gavage & time zero.

Data for the vehicle and 7.5-mg/kg dose leve] are mean & standard esvor of the mean of results obtsined from four doses in three
aniunals. Data for tie 20~ and 50-mg/kg dose Jevels are mean  standard esror of the rmean of results obtained from four doses in
fonr aninsals.

* and ***denotes p < 0.05 and p < 0.001 versus the time-matched vehicle.



Table 1.C3

Table 8. Effects of Vehicle and CEP-10963 on QT interval in Conscious,

Telemetered Male Beagie Dogs

’ QT Interval (ms)
Thoe Vehicle CEP.10953 CEP-10953 CEP-10953
(o) 28ulig 75 myly 20mpy 0 mgy
15 2397132 228144 2055=12.0* 2262297
0 1975299 2009+ 7.6 192.6£5.5 1860474
30 2333273 233271 2007 % 53° 19075 3.5%%
60 22514118 195.4%74 135987 183.826.3¢
% 247294 2178738 199.1+38° 179.6: 10.4%>*
120 2543+52 21347 201.55 2454+ 178.42 7.70%
180 2434£62 2153%7.5 19714 120 179.2£6.7%*=
240 15+17.6 197978 1863275 1787104
300 245745 2187247 197,62 53%% 17932 3.1%%
360 2414242 270%2.6 1968 7.3+ 178.0£ 4.0%*

o

The vehicle (2.5 mL/kg Ora-Plus®) and CEP-10953 were administered by gavage at time zero.

Data fos the velricle and 7.5-mg/kg dose level are mean + standard exror of the mean of results obtained from four doses in three

animals. Data for the 20- and 50-mg/kg dose levels are mean % standard ervor of the mean of results obtained from four doses in
animals.

* and ***denotes p < 0.05 and p < 0.001 versus the time.matched vehicle.

Table 1.C4
Table 9. Effects of Vehicle and CEP-10953 on QTcF Interval in Conscious,
Telemetered Male Beagle Dogs
QTcF Interval (ms)

Tisoe Vehicle CEP-10883 CEP-10983 CEP-10983
Ol 28mliig 25 20 myig 50

-15 2418247 2474266 2407440 2478%12
0 247.6+38 2439232 240.1£3.2 2420£47
30 2418%43 244321.0 2425446 2494£25
60 2599241 2405259 2383231 2385£43
%0 2411292 2422+50 2410247 2354£5.8
120 2375+70 2459264 2409£3.8 2401216
180 2483296 2433+7.0 2372£36 2427243
240 2503273 2356262 22594 6.0°% 228.7%6.8%*
300 23702 7.1 2476+63 2444£51 234050
360 2404£9.2 2449239 2449237 2444%34

The vehicle (2.5 ml/kg Ore-Phug®) and CEP-10953 were administered by gavage af time zero.
Dats for the vehicle and 7.5-mg/kg dose level are mean + standard earor of the mean of results obtained from four doses in three
animals. Data for the 20- and 50-mg/kg dose levels are mean + standard error of the mean of results obtained flom four doses in
four animals.

*+** denotes p < 0.001 versus the time-roxtched vehicle.

Table I.C5

Mean % SP pharmacokinetic parameters of (R)-modafinil, (R)-modafiail acid, and
modafinil sulfone in male beagle dogs (1 = 4) administered single oral doses of

(R)-modafinil at 7.5, 20, or 30 mg/kg
’ — : (R)-Modafiall Dose
Compound Parameter 7.8 mg/kg 20 mg/kg 30 mg/ky
(R)-Modafinit Cos. pg/ml 6507 174223 398446
toxs, B 1.0 [al1 1.0] 10[1.0-40] | 25[1.0-49]
AUCo., pg-ivml 25.1+132 106.6 +23.3 2648269
®)-Modafinil Acid Couz, pg/ml BIQ 04£0.1 08%03
[ NC 4.0[1.0-4.0] 40[alt4.0]
AUCo., pgehvml 00400 12%02 43425
Modafinil Sulfone Coms, pg/ml. 1302 40£03 127227
toas, B 4.0[1.0-40) | 9.0{4.0-90) | 65[4.0-90)
AUCp, pgehioil. 6.6+3.0 264£1.7 116.8+ 182
“Median (rmge]
NC =not calculable

BLQ =below the limit of quantitation (<0.20 pg/nl)




Conclusions

Apparent treatment-related changes consisted of increases in HR and decreases in the
RR interval, QT interval, and QTcF interval, primarily at doses of 20 mg/kg or greater.
The HD (50 mg/kg) may have also increased DBP and MAP. All changes were small, and
statistical significance was often related to the variability of the control values. The ECG
waveform analysis did not indicate any effects on lead Il ECG waveforms or rhythm. The
HD produced an R-modafinil AUC about 2 times that in human volunteers given the
highest recommended dose of 250 mg (AUC = 148 ug.h/ml in study
C10953a/102/PK/UK).

Effect of R-modafinil on action potential parameters in isolated dog Purkinje fibers (Study
No. 1263DC36.001; Cephalon Study No. DS-03-001; conducted by S =esmucm

pansusmsms |, report dated 2/04; GLP)
Methods

The effects of R-modafinil (50, 150 and 300 uM) on intracellularly recorded action
potential parameters was evaluated in an isolated dog Purkinje fiber preparation (4
Purkinje fibers isolated from the hearts of 4 Beagle dogs) electrically paced at 1 and 0.5
Hz. Fibers were exposed to the vehicle (0.2% DMSO) and each concentration of drug for
at least 25 min or until response had reached steady state and electrophysiological
responses were recorded at stimulation frequencies of 1 and 0.5 Hz. The following action
potential parameters were measured: resting membrane potential (RMP), action potential
amplitude (APA), maximum rate of depolarization of the action potential upstroke (Vmax),
and action potential duration at 30, 50, and 90% (APD30, APD50, and APD90)
repolarization. A positive control was not used in this study.

Results

Concentrations of 50, 150 and 300 ug/ml produced concentration-dependent reductions
in APD at all doses (APD50 by up to 56% and APD90 up to 29% at HD; Tables 1.D1 and
1.D2). Apparent (but not SS) reductions in RMP, APA, and Vmax were also seen at 0.5
Hz. The effects on APD were partially reversed following the washout period.

Conclusions

Concentrations of 50, 150 and 300 uM produced a concentration-dependent reduction in
action potential duration in Purkinje fibers, which does not indicate a potential to prolong
QT interval in vivo.
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Table 1.D1

Elfect of CEP-10953 on Action Potential Parameters in Tsolated Dog Purkinje Fibers
. Study Number: 1263DC36.001
Cephnlon Study Number: DS-03-001

19Hz
Treatoecnt | B] RMF | OS] APA | Vs | APDm | APDw | APD. | AFDw | AP
(V) | (mV) V) | (mViny | (ms) {ms) | (% Changet | (ms} | (% Change)¥
Conrcl 3| OIS | 84z | 1196k | 3809% | 57t | 1914 o0r 256.4% [0
) | orae | oo | s34 | 685 | e 000 168 000
DMSO 3] B07r | 214x | 182t | SwW2x | 74t | 1903% o6 | oAt [
©2%) 6 | 136 | 099 | 4964 | 1099 | 798 268 300 058
CEP-109S3 [4] B02E | Z79% | W8T | SB.z | 6L | 1684r |  -1L8L | 2405% | 67t
(SOUM) 068 | 135 | 120 | s695 | 1ads | 1iss 328 602 2,144
TEP-10953 | 4] 883k | 263t | 1148% | 49795 | S20% | 1330r | -303% | 249t | -lesk
150 o | 253 | 204 7679 | 1039 | 1293¢ 499 3.89¢ 1.46%
CEP-10953 | 4| 884% | 214t | 1158% | 5365 | 302t | 989% 283z | W9TE | 249%
(300 uM) 18 | 276 | o9 7201 460 | nesr 300 273 057
Waohout | 3] D05 | 283% | 118kz | SS08: | 633 | 17ait 89% | 24962 | B2t
12 | 24 | 173 | se3s ) oam | was ags | 433 088

anxﬁmdumtumdmoﬁhnm

APDy = Action Potential Duration at 30% repolarization

RMP = Resting Membrane Potentinl APDy = Action Potential Duration at 30% repolarization
08 = Overshoat APDn Aﬂlou Potcnmll)nmmum mpclmxmm
APA = Action Potential Amplitude h

Vinax = Maximum Rase of Depolarization of the Action Potential Upstroke
#Percentage chunges for test anicle and washout were catculated rm

DMSO valucs.

the DMSO group- AMJVA fallowed by Tuley IISD Mllllipi:

Comparison Test

Table 1.D2
Effect of CEP-10953 on Action Polcntial Parameters in Lsolated Dog Parkinje Fibers
= -Study Number: 1263DC36.004
Cephalon Study Number: DS-03-001
NS Hz
Trewtment | 0] RMP | OS | APA | Vmmx | APDw | APDm | APDi APy APThy
(mV) (mV) (V) | (Vi) | (ms) (o) | (% Change)e | (ms) | (% Changel¥

Control 3| 883 | 28ar | 1166 | S472% | 708= | 2135% 0.0F %912 00r

121 124 | n | 4758 | w7z | osss 000 3.51 000

DMSO A [ 884t | 27.4% | 113B% | Siz6 | 667% | 2102 5t 288.7% o1t

©2%) e | 143 | 1te | sase | 1400 | 1002 338 244 1.03
CEP-10953 | 4| 883% | 270%8 | 1153% | 485.1% | 5766 | 1784F | -154% | 2610% 9.5t

50 071 15 | 141 | siey | 628 | 1437 3.86% 533 338+
CEP-109S3 | 4 | ST0% | 264t | VI33% | 5129% | 407% | I1389% | -340% | 2294 | -205%
QSDpMY 150 | 258 | 189 | soeo | 1028 | 791* 067" 1.70* 123%
CEP-10953 | 4 | 854 | 20.1% | V25T | H2et | 122¢ | 022% 635 | 2036 | -294E

1 goopmy 237 | o7 | oa | asm | 205 | ese 1.50% 2.16% 1.19%
Washort T| 876t | 284z | 1160 | 5375 | 559 | 188ax |  -109r | 2773k 20t

Lo | 238 | 179 | ssae | sese | g 434 280 062

Data are expressed as mean *+ standard crvor of the mean
RMP = Resting Membrane Potential

OS = Overshoot

APA = Action Potential Amplitude

Vimax = Maximum Rate of Depolarization of the Action Potential Upstroke:

#Percentage changes for test articte and washout were calculated from

DMSO values.

APDyg = Action Polential Duration at 30% repolarization

APDy =

Action Potential Duration at $0% repolarization

APy, = Action Potential Duration at 90% sepolarization
* Seatistically significant (P<0.05) change when compared to

the DMSO group - ANOVA followed by Tokey HSD Multiple

Comparison Test

Effects of CEP-10953 (R-modafinil) in the lrwin Test in Sprague Dawley Rats (Cephalon
Study No. DS-03-002; conducted by_ e , report dated 8/04; GLP)

eth

Male rats (S-D; 6/dose) were administered (oral gavage) a single dose of 100, 300, or

1000 mg/kg CEP-10953; 20 mg/kg chlorpromazine; or vehicle ( s Suspending
Vehicle) for the Irwin test. The parameters defined in the Irwin test were systematically
evaluated for each rat at 1, 2, 4, and 8 h after dosing. In addition, 9 rats (3/dose) were
included for T-K.

Results

Following treatment with CEP-10953, increased locomotor activity and increased startle
response were observed at the LD or higher. In addition, stereotypic behavior
characterized by sniffing at the bottom of the cage in 2/6 animals and straub tail in all
animals was observed at the MD or greater. These effects were observed over the first 4
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h of the study, returning to normal by 8 h postdose. The HD produced stereotypic
behavior in all animals, however, by 8 h postdose, sensoromotor responses (reactions to
sensory input) were decreased. Decreases in body tone were also observed. The signs
of stereotypic behavior ranged from mild to severe between 2 and 8 h postdose.
Mydriasis was observed at 8 h postdose in 3/6 animals. Dose-dependent increased
activity was seen, and the peak effect for increased locomotor activity and stereotypy
occurred at 4 h postdose. These effects were considered to be related to an exaggerated
pharmacological (CNS) response. Plasma concentrations of R-modafinil and two primary
circulating metabolites, R-modafinil acid and modafinil sulfone indicated nearly dose-
proportional increases in systemic exposure to all three over the dese range. The AUCO-
4 hr for R-modafinil, estimated from the mean plasma concentrations, was approximately
89, 268, and 618 ug.hr/ml at the LD, MD, and HD, respectively. Chlorpromazine (20
mg/kg, oral) produced effects consistent with its known pharmacological activity, attesting
to the validity of the test system.

Conclusions

Following treatment with CEP-10953 at 100, 300, or 1000 mg/kg, general signs of central
nervous system (CNS) stimulation were observed, including increased locomotor activity,
increased startle response, and stereotypic behavior. In addition, at the MD or greater
stereotypic behavior characterized by sniffing at the bottom of the cage in 2/6 animals
and straub tail in all animals was observed. In the LD and MD these effects were
observed over the first 4 h of the study, returning to normal by 8 h postdose; whereas in
the HD, sensorimotor responses were decreased. The observed signs of CNS stimulation
were consistent with an exaggerated pharmacologic effect.

Appears This Way
On Original



i, PHARMACOKINETICS (primarily from sponsor’s summary)

Pharmacokinetics for single oral doses of armodafinil (R-modafinil; suspension ir «——__ are hm)
shown below.
Table 11.1
Table 2: Pharmacokinetic Parameters of Armodafinil after Single Oral Doses to
Mice, Rats, and Dogs
CD-1 ke Spragae Dawley ravs Beagle dogs’
(n=4/timepoing) (n=4/timepoint) (a=4)
Parameter™? 0mgky |50 100 200 10mgky 25mgikg
Can (1g/ml) 359 23.6 335 758 79207 21036
s (0) 05 025 025 050 |1.0(0.25-1.5) 0.5(0.5-1.0]
12 (ar) 14 0.32 055 063 15202  16£02
AUCs. (ug-hr/mlL) 750 182 328 1471 | 200451 9122130
F(% ND* 517 520 166 | 10812195 13632229

considered to be estimates.
'Mmgsumadevnnon.emeptmedm[mge] £Of toax
€ Copy=maximum observed concentration; toe=time of occurrence of Cryy; AUC,.o=area under the plasma
concentration versus time curve from t=0 to infinity; t;y~elimination haif-life; F=fraction bioavailable
¢ Calcnlated from composite data in mice and rats and for individual animals in dogs.
¢ ND=not determined.

The results of studies conducted for this application and the previous racemic modafinil NDA (20-
717) indicate that R-modafinil is well absorbed and eliminated predominantly through metabolism
via both hydrolytic and oxidative pathways, with primarily renal elimination of the metabolites.
There were 2 major metabolites in all species examined: modafinil acid and modafinil sulfone.
Neither was pharmacologically active in rodents. The hydrolytic reaction (hydrolysis of the amide
to the corresponding acid) is esterase/amidase-catalyzed and enantioselective, but the relative
preferences of the hydrolytic enzymes for R- or S-modafinil are species-specific. To a lesser
extent oxidative microsomal enzymes also demonstrated some enantioselectivity. In rats and
mice, the enantioselectivities for disappearance of parent compound observed in vitro in
incubations of liver and plasma preparations were in opposing directions, with liver being
enantioselective for R-modafinil and plasma for S-modafinil in both species. In vivo, S-modafinil
was more rapidly cleared in mice than R-modafinil, while the opposite was true in rats, indicating
that the competing enantioselective processes that control the elimination of the enantiomers
have different balance points in the two species. In contrast, in dogs and humans, there was a
clear preference for S-modafinil as a substrate in vitro, which is consistent with the longer half-life
for R-modafinil in these species in vivo. There is minimal esterase/amidase activity in the plasma
of the nonrodents. Like racemic modafinil, R-modafinil can induce hepatic CYP enzyme activity in
vivo in mice, rats, and dogs, although it appeared to be a less potent inducer in mice and rats
than the racemate or S-isomer. During studies of R-modafinil in rats and dogs, plasma
concentrations of the parent compound generally decreased, sometimes markedly, after multiple
doses, indicating auto-induction. The ratios of the concentrations of the parent compound to
those of the 2 circulating metabolites did not consistently change after multiple-dose
administration, suggesting either that the enzymes producing those metabolites did not change or
that their elimination pathways were also being induced. At high doses in rats and dogs, there is
evidence of saturability of elimination pathway(s).

In contrast to the substantial interspecies differences, as well as the differences between plasma
and liver microsome activities, in the enantioselectivity observed in the hydrolysis of modafinil to
modafinil acid, there was a clear preference for the S-enantiomer of modafinil as a substrate for
conversion to modafinil sulfone in all the species tested. Formation rates of modafinil sulfone
ranged from 50% (human) to 136% (rat) higher for S- vs R-modafinil, with relative rates in
incubations with mouse liver microsomes nearly double those of dog or rat liver microsomes, and
rates in human liver microsomes nearly an order of magnitude lower than the other species
tested. This preference for S-modafinil conversion to modafinil sulfone in mice could at least



partially explain the in vivo results in that species, although it is possible that the lower plasma
levels of S-modafinil could be due to absorption interactions between enantiomers.

Thus, there appear to be pharmacokinetic interactions between the two enantiomers of modafinil
in vivo in rodents, particularly rats, that are not readily predicted from in vitro metabolism studies
and could involve clearance mechanisms other than metabolism. In contrast, in vivo and in vitro
results for dogs and humans are consistent, in that the metabolism of R-modafinil to either
modafinil acid or modafinil sulfone predicts the greater in vivo plasma clearance of this
enantiomer. There was no evidence of interconversion of the R and S enantiomers in vitro or in
vivo.

Rodent

When oral doses of each enantiomer of modafinil were administered individually or together at
the same dose as the racemate to rats and mice and plasma concentrations were determined,
the resulting PK parameters for S-(d-) and/or R-(I-) modafinil after each dose are shown in Table
I1.2. After individual oral doses of 100 mg/kg of each enantiomer to rats, Cmax was nearly
identical between the enantiomers. However, the R-enantiomer of modafinil was cleared (CL/F)
twice as fast from plasma, with a correspondingly lower AUC. The difference in the plasma levels
of the enantiomers was much reduced when the compounds were dosed together as the
racemate. The mean Cmax for both compounds was reduced relative to that after individual
dosing, but the difference was only statistically significant for S-modafinil. Although the AUC was
still significantly different between the enantiomers when dosed as the racemate, it was reduced
for S-modafinil, but increased for R-modafinil, as compared to dosing individually. In addition, the
CL/F of R-modafinil after oral dosing as the racemate was significantly reduced relative to that
after individual dosing. As opposed to the results in rats, levels of S-modafinil in mice were
slightly, but not significantly; lower than those for R-modafinil after an oral dose of 100 mg/kg of
the racemic mixture (Table 11.3). Also unlike rats, the concentrations of both modafinil acid
enantiomers in mice were substantial and showed relatively the same differences in levels
throughout the experiment as were observed for the parent enantiomers (R/S ratio for both
modafinil and modafinil acid was approximately 1.5). As previously observed in vitro, there was
no evidence of interconversion of the enantiomers of modafinil in vivo, nor was the opposite
enantiomer of modafinil acid detected when the compounds were dosed individually in either rats
or mice.

Table 1i.2
Rats Can | A— tin L.:UCﬂ.f CLIF | MRTiw
oral dese (ng/ml.) (he) ) hr/mL) (Lihe/kg) | (hr)
100 my/kg 29.38 0.5 0.96 5249 1.99 1.78
of d-modafinit 1.99 0.0 . 025 12.42 0.55 0.59
d-modafinil after 14.18" 0.7 1.87 43.30 241 298
200 mg/kg racemate | 0.52 03 0.51 12.26 0.64 0.88
100 mg/kg .55 0.5 1.25 18.71* 5.52% 0.97
of Fmodafinit 8.96 0.0 0.16 3.90 122 0.11
Fmodafiail after 13.68 0.5 1.38 2634° | 394** | 232
200 mg/kg racemate | 131 0.0 0.5 6.08 0.85 0.94
Table I1.3
Mice € nax | -~ tin AUCpinr CL/F MRT e
(compesite valwes) | (pg/mL) (he) (hr) he/mL)| (L/br/kg)|  (hr)
d-moedafinit 17.79 1.0 1.61 55.38 0.90 2,63
(100 mg/kg
of racemate) :
Fmodafinil 26.11 1.0 1.76 86.82 058 2.83
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Dog

The pharmacokinetics of modafinil was evaluated in male beagle dogs after single oral (5, 15, or
30 mg/kg) or intravenous (5 mg/kg) doses. The samples were analyzed using a validated HPLC-
UV method for total modafinil (R+S) and its 2 circulating metabolites, modafinil acid (R+S) and
modafinil sulfone. In addition, the samples obtained after the 30-mg/kg oral dose and the second
intravenous dose were analyzed for R-modafinit and S-modafinil. After an oral dose, the mean
Cmax and AUC for total modafinil were dose-related but only the AUC was dose-proportional.
The mean tmax for modafinil at the 3 dose levels was 1.8-2.2 hr postdose. The oral bioavailability
of the 5-mg/kg oral dose was 74.5%. The mean apparent half-life was 1.70, 2.41, and 4.29 hr at
5, 15, and 30 mg/kg, respectively. After the iv dose, modafinil was eliminated in a virtually
monophasic manner, with a mean half-life of 2.09 hr. Both modafinil acid and modafinil sulfone
were detected after each oral or intravenous dose, at lower concentrations than those of the
" parent compound. When samples were re-analyzed using a =s=mmethod for determination of
the concentrations of the R- and S- enantiomers of modafinil, the AUC was larger and the half life
longer for R- than for S-modafinil. After the oral dose, the mean Cmax was similar for the 2
enantiomers, but the AUCs for R- and S-modafinil were 70.0 and 38.1 ug-hr/ml, respectively
(Table 11.4). The respective t1/2's were 5.01 and 3.52 hr. After the iv dose, the AUCs for R- and
S-modafinil were 10.7 and 9.2 pg-hr/ml, respectively, and the respective t1/2's were 2.54 and
2.09 hr.

Table 11.4

7.8 2.38 1.23]
E. dncti of 1-MO aer 3 single oral administration (30 mg/ks
IR [e7.3
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Human

Racemic modafinil is currently approved for the treatment of excessive sleepiness associated
with OSAHS, SWSD, or narcolepsy. Its therapeutic effects have been reported to diminish for
some patients later in the day. In clinical pharmacology studies, in which racemic modafinil was
administered and enantioselective bioanalysis for the individual enantiomers (R-modafinil and S-
modafinil) was performed, it was observed that systemic exposure to R-modafinil is greater than
that to S-modafinil and the t¥2 of R-modafinil is substantially longer than that of S-modafinil
(approximately 15 and 4 hours, respectively; Table II.5). In PK studies with R-modafinil, systemic
exposure to R-modafinil following multiple daily doses of armodafinil at 150 or 250 mg was found
to be comparable to systemic exposure to R,S-modafinil following multiple daily doses of racemic
modafinit at 200 or 400 mg. However, according to the sponsor, "R-modafinil and racemic
modafinil have distinct plasma concentration-time profiles due to different rates of clearance
between the R and S enantiomers, despite similar overall exposure. R-modafinil exhibits a lower
peak concentration, which is offset by higher concentrations of R-modafinil at later times in the
profile  relative to modafinil." Therefore, it was theorized that the difference in the
pharmacokinetics of racemic modafinil and R-modafinil may result in better tolerability, due to a
lower maximum plasma concentration (Cmax), and more sustained effect. In addition, lower peak
concentrations might reduce the potential for drug-drug interactions.

PK parameters for R-modafinil after oral administration of 100, 150, 200, 250, or 300 mg to
healthy young men are shown in Table 11.6. PK was essentially linear (dose-independent), with a
tmax in each of the dose groups of ~6 hr. Levels of R-modafinil acid and modafinil sulfone were
also measured; AUCs for these metabolites at 250 mg on Day 7 were 11.9 and 58.9 ug.h/ml,
respectively (8 and 40% of parent). The tmax for all doses was longer than the tmax for (RS)-
modafinil (~6 hours compared to 2 hours). After single oral doses of 50 to 400 mg in fasted young
men (Table N.7), the PK of R-modafinii was essentially linear, with approximately dose-
proportional increases in mean Cmax and AUCO-# in this dose range. R-modafinil appeared to
be at or near steady state after 7 days of administration; however, the AUCs on days 7 and 14 of
administration were slightly greater than would be predicted on the basis of the day-1 data (ie,
CL/F was decreased).

The recommended dose of R-modafinil is 150 or 250 mg given once a day for patients with
OSAHS or narcolepsy, and 150 mg/day for patients with SWSD. The recommended dose of
Provigil is 200 mg/day, but doses up to 400 mg/day were well-tolerated in clinical trials (label).

Table I1.5
Table A2:  Tabular Summary of PROVIGIL Studies Contributing Pharmacokinetic Data on R-Modafinil
s o
Ko. of conters Muas:SD 3 3
Principal Number of hud ke *
fmvestigator subjects® ‘Trestmeat : oral
ahjective SA.:t (mg/day) o Cone
Startdate Ten [ AlUCsary Come AUComre
Statzy Stedy duige aag) () | (Fasting'fed) N Ggml) L] Gghml) | (agml) (?) (spvh/ml)
CEp-2101 Safery of todafindl, and 32 200 (fud dny 1) 6 2805 ney 50012) 23@3) 4.1 (1L.0) 17¢)
1 phamscoldoenks of modafinil, [eratiy) 200 (fed day 7) 6 40Q06) Q) [T 2202 43 (09) 17¢)
Usa S-maodefixil ater 25 400 (fed &3y 1) 6 4.5 0.6 8@ 728 4407 4.0(0.8) 33
Kosast 7-day sdgoisistation of Q0-39) 400 (o dxy T) [} §8(1.6) 15Q) 104 (29) 460D 45(L0) 3509
Noms: 400 (Bkdry 1) L] 7143 B e} 10Q0.5) 42(0.5) s4(13)
7 Aug 1993 800 (fad day 7) 6 Rl 1r4) 18Q0) 168 (41) 70Q.1 49(0.7) 5109
nultiple-dose stndy 800 (fedday 1) 6 87 (0.8 1B 204 (33) £9(1.0) 42(02)
800 (fod day 3)F s ¥Ry NV 49 (04)
fed: 1 b after Bight breskfant
Cl151ga108/ ‘The efffact of sge gud pesder ca 36 200 (fasted [young men]) 12 23040 lL5Q4) 386304 | L9049 12360
FUS @ 22003 274D 490D | 23039 29(04) 1B4QO
UsA pociiles afer a singa 200-mg dowe poyrd e} » 25004 M3IQE HOP2) | 2404D 37010y 15529
Litka of 20.4(R-37)
‘Noua panaliel-group sudy ‘Yocsg wopmwn: | Single doses
33m 1054 26.1 (19-40)
o
3(B-1)
C15380108 Safinty of modafingl, snd 18 40 [ 5502 MIGH NS4S | 30  45012) 2037007
phannacokinetics of (M3 400 (fod [wormen]) 6 T2QRED  125(LD  1R22(45) | 4924 35004 354182
1 RB-mwodafinl, and fod: 1 b afoee ight breakfast
TsA 21-dey sdminiswation of 400 ;g 288 (19-39)
Morgearoth. modafinil afer 2 single 20048 Placedo; 21 days of 400 g/day,
Noos dose 30.8 (32-35) | fellowinga 200-cug single
11 Ape 1954 Randomized, doubla-blind, dosecadey 1
Complaced Wﬂm
¥ "t —
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Table 1.6

Table 7: & y of Ph iineth for CEP-10953, R-Modaftnil Acid and

\anﬂSllouhlulﬁyYomMnMndSMOrﬂbomol
CEP-10953 at 100, 150, 200 or 300 mg or PROVIGIL at 200 mg

CEP-10983 100 18 197025 55{0.5-11.0) 201235
150 18 299041 65[3.0-110) 29446
00 17 404069 6.0{2.0-8.0) 42472
300 18 6374088 50{3.0-120) 6624385

R-Modafinit acid 100 18 <0200 NC NC
156 18 020720120 6.0{30-11.0] 13208
200 17 03s=z0n 6.0{4.0-80) 2717
300 18 0531+03 6.0{3.0-100) 53x19

Modsfinil silfoce 100 18 <0.200* NC NE
15 18 <0.200% NC NC
200 17 02830135  14.0{130-140] 15209
300 I8 044320159  140[110140)  27=15

PROVIGIL 00 18

(BS)Modafinil 4352094 20{0.56.0) 35067

(xsywmm 2152037 40(20-60) 18232

- <13mo' NC NC
soma thohnnu section 16.1.1
* Median [range]. Report

* Below the limit of quantitation of 0.200 pg/mil..
© Concentratious of the metabalite were not quantifiable over the entire 14-hr sxmpling interval in all subjects;

the valoe shown is for AUC.
NC=Not caiculable.
Table I1.7
Table 7: Mean + SD Phar kinetics P: s for CEP-10953 in Healthy Young Men
on the 1st, 7th, and mumyso:ommmmaso 100, 200, 230, 300, or
400 mg Once Daily for up to 14 Consecutive Days
(s s Analysis Set)
Dose [ Atc o CLF Median
Day (mg) (ugml) (uphrml) (G0 (ml/min) R a0
1 50 128£020 213x74 NC 43.0+13.8 NA 13
100 260+035 418262 113 [103-12.1] 40762 NA 18
200 454151 9194330 159(120-234] 394x106 NA 13
250 587x068 1202150  156[13.6174] 326+4.0 NA 30
300 648+ 1.06 1306295 14.6[11.8-163) 36024 NA 15
400 9.70+1.80 2001528 12.9[9.4-19.5] 3562116 NA 13
7 50 1.83+0.23 254241 NC 33655 18202 20
100 4.03£0.67 542482 NC | 314247 17201 05
200 740217 1118+394 NC 324492 20£02 20
250 923x0.73 1483296 NC 282=x19 1.8=01 36
300 1085+127 1654138 NC 30426 1802 23

400°  13.39%525 1890.5x77.8 14.7 [113-18.4] 41.5=209 14405 2.3
H 5 1.78+0.07 234234 14.4[109-18.4] 362+53 1.7+03 13

100 399£088 56289 153 [13.8-19.6] 303+48 18+02 15
200 736176 10592250  202([169-232) 33.0+80 19%02 18
250 1051235 1361+82 179 [14.6-22.17 307x19 1602 18
300 9994095 15044127 15.3|l31-l7.2| 334228 1.620.1 25

SOURCE: nmmcokmmnpon. section 16.1.13.

* AUCy., on day 1 204 AUC,, 0n days 7 and 14,

* Harmonic mean [range].

© Patients receiving the 400-mg/day dosage of CEP-10953 were discontinved on day 7 of
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TOXICOLOGY

Single_dose_oral toxicity studv of obtical isomers of CN-801 in rats with toxicokinetics

study (Study No. B-4933; — ——

Report Issued 1/28/03;

Methods

The individual enantiomers of modafinil (CN-801) were administered once orally at doses
of 0 (-——— : vehicle), 500, 700, or 1100 mg/kg to S-D rats (5/sex/group) to compare
their acute toxicity. In addition, satellite groups were included for determination of plasma
concentrations of each isomer and the 2 major metabolites.

Results

a.

Minimum Lethal Dose

Administration of S-modafinil produced no deaths in males while 2/5 females
died at 1100 mg/kg. Administration of R-modafinil produced death in 1/5 males
and 3/5 females at 1100 mg/kg (1 to 3 days after administration). Therefore, the
minimum lethal dose was estimated to be higher than 1100 mg/kg in males and
between 700 and 1100 mg/kg in females for S-modafinil, and 1100 mg/kg in
males and between 700 and 1100 mg/kg in females for R-modafinil, indicating
that minimum lethal dose was comparable between the 2 enantiomers.

Clinical Signs

Administration of either enantiomer was associated with an increase in
spontaneous movement, hypersensitivity to noise, and stereotypy (repetition of
the same actions such as self-biting, cage biting, and other behaviors in the
cage) in all males and females at all dose levels. Prone position/lateral position
and decrease in spontaneous movement were observed in males and females
given the S- or R-isomer at 1100 mg/kg. In females that were given the S-isomer
at 700 or 1100 mg/kg and in males and females that were given R-isomer at 700
or 1100 mg/kg, stereotypy-related changes such as swelling of hind limb,
hemorrhage in nasal cavity or forelimb/hind limb, and loss of fingers in the
forelimb were observed in some of the animals.

Pathology

In the animals that died, discoloration of the kidney (bilateral) was observed in 1
female with both the S- and R-isomer at 1100 mg/kg, and dark red foci in the
glandular stomach in 1 female with the S-isomer at 1100 mg/kg, and in 1 male
and 3 females with the R-isomer at 1100 mg/kg. Histopathological examination of
the kidney and stomach, which was done on representative animals that died (1
female given S-isomer at 1100 mg/kg, and 1 male and 3 females given R-isomer
at 1100 mg/kg), revealed vacuolation in proximal tubular epithelium or dilatation
of Henle's loop and distal Wbuies in the kidney and erosion in the glanduler
stomach.

Plasma levels (Table Ill.A1)
For both S-(d-) and R-(l-) isomers, AUC increased greater than dose
proportionally except in females given the S-isomer. Comparison of AUC

between males and females revealed that it was higher in females than in males
at all dose levels for the S-isomer, while it was comparable between males and
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females at 1100 mg/kg and lower in females than in males at 500 and 700 mg/kg
for R-isomer. Comparison of these values with those obtained in a previous TK
study of racemic modafinil showed that the AUC of modafinil after administration
of the S-isomer was comparable to that seen after racemic modafinil at all dose
levels, while AUCs of the acid and sulfone metabolites after administration of the
S-isomer were comparable to or higher than those seen after administration of
racemic modafinil. After administration of the R-isomer, the AUC of modafinil was
comparable to that seen after administration of racemic modafinil in males while
it was lower in females at 500 and 700 mg/kg. For the acid and sulfone
metabolites, AUCs after administration of the R-isomer was comparable to or
lower than that of the racemate.

Conclusions

After acute oral administration of the S- and R-isomers of modafinil to rats, the minimum
lethal dose was estimated to be higher than 1100 mg/kg in males and between 700 and
1100 mg/kg in females for the S-isomer, and 1100 mg/kg in males and between 700 and
1100 mg/kg in females for the R-isomer. Thus, the minimum lethal dose was comparable
between the 2 isomers.

Table lIL.A1

Text Table 5-1. Summary of TK parameters
Sex _Male Female

__Dose (mg/kg) 500 700 1100 500 700 1100
d-Ysomer of CN-§01

T (b) 1 4 4 4 4 2
Conua (ug/mL) 6746 10206 12076 10844 1294 16099
Al Wml) 70528 112848 184204 145049 196546  2490.06
Acid metabolite

T (k) 1 1 1
Cou (g/mL) 1501 1184 1649 16.95 9.91 12.96
AUCo 0 (ughvml) 14215 12071 193.12 22047 17196 21224
Sulfone metabolite

2 2 8

. T (B) 4 8 .8 24 8 rZ
Coa (pg/mL) 4107 5972 8565 2407 3042 5894
AUCoom (ugh/ml) 59534 1173.63 1540.83 468.11 57542 91881
Values arc cxpressed as group mean.

Text Table §-2. Summary of TK parameters
Sex Male Female

Dose 500 700 1100 500 700 1100
I-Isomer of CN-801 :
" Trax(h) 1 4 8 4 4 8
Coax (g/mL) 80.51 99.33 11494 72.52 774 133717
AUGo 0 (pghvml) 607.88 116229 1961.66 43895  665.86  1922.90
Acid metabolite
Towe (B) 1 -4 8 4 4 8
Coux (ug/mL) 529 7.53 7.89 2 Koy 729
AUCpq(uphvml) 4113 8596 133.64 1819 2808 10454
Sulfone metabolite
Teux (B) 8 8 24 4 4 8
Cosa (g/mL) 17.88 28.63 50.14 549 453 20.15
AUCon (ugh/ml) 24958 597.58 994.72 34.46 4749  283.84
Valucs arc cxpressed as group mean.
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4-Week Oral Gavage Toxicity and Toxicokinetic Study with R-Modafinil in Rats (Study
No. DS-03-027; ~——— Study Number 6573-157;

Report Issued 11/5/04; GLP)

Methods

R-Modafinil was administered orally to rats (S-D) at doses of 0 (vehicle), 60, 200, or 600
mg/kg/day for 29 days. This studv was dee gned to compare a new lot (Lot No.
03188K2a) with a than that of the lot used in the 13-week
study (Batch No. 0211 7K2a) Parameters included mortality, clinical observations, food
consumption, body weights, clinical and anatomic pathology, and toxicokinetics.

Results
a. Mortality, Clinical Observations, and Body Weights

All animals survived until sacrifice on Day 30. The most prominent T-R
observations were hyperactivity, pawing and/or biting of cage, and clear oral
discharge at the MD or higher. Body weights were not significantly different
among groups.

b. Clinical Pathology

i. Hematoloqy
Decreases (SS) in RBCs, hemoglobin, and hematocrit; increases in

reticulocytes (up to 3-fold), white blood cells, and lymphocytes at the MD
and HD.

i. Clinical Chemistry and Urinalysis
No clear T-R or toxicologically significant changes in clinical chemistry.
Urine volume and pH appeared D-D increased at all doses (but NS).
Increased incidences of urine occult blood were noted in HD males.

c. Toxicokinetics

Plasma was collected on Days 1 and 28 for- T-K analysis; however, several
samples collected on Day 28 "were not analyzed successfully during the period
of established stability," so there are no data for that day. On Day 1, mean R-
modafinil Cmax for LD, MD, and HD males and females were 11.86 and 29.69
ug/ml; 19.01 and 24.89 ug/ml; 33.97 and 19.49 ug/ml, respectively. Mean AUCs
were 6.31 and 23.80 ug-hr/ml; 27.12 and 50.17 ug-hr/ml; 188.83 and 76.74
ug-hr/ml, respectively. These values were similar those determined at the
beginning of the 13-week study at the same doses (see below).

d. Necropsy

T-R macroscopic findings were not observed. Increased liver, kidney, spleen,
weights and decreased thymus weights were seen at all doses.

Microscopic findings consisted of increased incidences and/or severity of
centrilobular hepatocellular hypertrophy at the HD (Table 1ll.B1), increased renal
tubular basophilia and proteinaceous casts at all doses (Table I1.B2), and
increased splenic extramedullary hematopoiesis at the MD and HD. Transitional
cell hyperplasia and apoptosis of the urinary bladder were also seen at the MD
and HD (Table Ill.B3). There was also an apparent increase in cardiomyopathy
in HD females: 4/10 and 0/10 in M and F C vs 5/10 and 2/10 in M and F HD (only
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C and HD examined). This was also seen in the 13-week study with both racemic
and R-modafinil.

Conclusions

Administration of R-modafinil for 4 weeks produced CNS signs (hyperactivity and
stereotypy), decreased RBCs and increased reticulocytes and WBCs, and microscopic
changes in the liver (centrilobular hepatocellular hypertrophy at HD), kidney (renal tubular
basophilia and proteinaceous casts at all doses), spleen (increased splenic
extramedullary hematopoiesis at MD and HD), bladder (transitional cell hyperplasia and
apoptosis in the urinary bladder at MD and HD) and possibly heart (cardiomyopathy at

HD). The findings were generally similar to those in the 13-week rat toxicity study

(below), indicating that the current lot (Lot No. 03188K2a)..

== is comparable to the previous lot. There was no NOEL mrthls study, based on

kidney histopathology at the LD, which produced exposures (AUCs) of 6.31 and 23.80
ug-hr/ml in males and females, which are approximately 1/25 and 1/6 the expected
clinical exposure at the MRD of 250 mg.

Table Ill.B1

Incidence and Mean Severity () of Test Article-Related Micrompnc Findings in the
Liver - Terminal Sacrifice, Day 30

60 200 600 0 6 200 600
1010 J0o 10 10 1 1

——

0
0@ 0@ 404 0 0@ 0 2(02

Table lll.B2

Incidence and Mean Severity O* of Test Article-Related Microscopic Findlngs in the
Kidney - Terminal Sacrifice, Day 30

~Males Females
CEP-10953 R-Modafisi)— 0 60 200 00 0 8% 200 600
Nomber Examined 1010 10 10 10 10 1010
Tubular Basophilia 5052 9(09) 10(12) 10Q.6) 404 70 505 8Q.1)

Tubulsr ProteinacecusCast  0¢0) 2(0) 2¢(02) 841 0(0) 101) 00 4.5
a  Average severity rating.

Table I1.B3

Incidence and Mean Severity () of Test Article-Related Microsespic Findings in the
" Urinary Bladder - Terminal Sacrifice, Day 3¢

0 60 300 600
i0 1010 10

00D o(o) zco"‘""""‘z) 109
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ats with a 4-Week Interim Sacrifice and a 4-Week Rgcovem Pgng_c_i (Reference Number

DS-02-030; Study Number 6573-146; conducted by
report dated 2/5/04; GLP)
Methods
Rats (S-D; 30/sex/group + 6/sex/group TK) were administered 0 (vehicle: 100

mg/kg racemic modafinil (Lot # 1538-DT1-1) or 60, 200, or 600 mg/kg R-modafinil (Batch
No. 02117K2a) by oral gavage (10 ml/kg) for 4 or 13 weeks (groups 1-5). Toxicity
endpoints included mortality, clinical observations, body weight, food consumption,
clinical pathology, anatomic pathology, and toxicokinetic evaluations.

Doses were based on the results of a range-finding study in which oral doses of 100,
200, or 400 mg/kg were given to S-D rats for 10 days. D-R CNS signs (hyperactivity,
stereotypy) were seen in all treated-groups. There was no effect of treatment on body
weight gain. There was a decrease in red cell parameters at the HD and a D-R increase
in the total white cell counts in all treated males, which reflected increases in neutrophils,
basophils, lymphocytes and/or monocytes. Treated males and females had increased
liver weights (more pronounced in males). The effects observed were similar to those
observed with the racemic modafinil. Plasma concentrations of the parent and 2
metabolites tended to be lower after repeated dosing, and plasma concentrations of (R)-
modafinil acid and modafinil sulfone were higher in males than in females. Based on
these results, 600 mg/kg was estimated to be an MTD.

Results

a. Observations

Six deaths occurred during the study, 5 as a result of dosing accidents and the
sixth from pylonephritis, which was not considered T-R. T-R clinical signs
included hyperactivity, repeated pawing or biting of the front or the bottom of the
cage, and clear oral discharge in a D-R manner at all doses of R-modafanil and
in the modafanil group. All the observations resolved during the recovery period.

b. Body Weights

BW gain was statistically significantly decreased in MD and HD R-modafanil and
modafinil males compared to C (BW gain D1-92 = 352, 292, 345, 311, and 275 in
groups 1-5, respectively). At the end of the dosing period, BWs for males given
modafinil or MD or HD R-modafinil were lower (11, 8, and 14%, respectively)
than control males. There was no effect in females, however, despite higher
exposures to parent (BW gain D1-92 = 135, 133, 137, 134, and 128 in groups 1-
5, respectively). .

c.  Ioxicokinefics

The results of TK analyses are shown in Table 1I.C1. Week 4 TK parameters
could only be determined in the HD R-modafinil dose group due fo technical
problems. R-modafinil (armodafinil) exposures were generally greater in females
than in males. There was no evidence of autoinduction in this study; however, in
the 10-day dose range-finding study, there was some decrease in exposure over
time (Table 111.C2). WK13 AUCs for R-modafinil acid were 0.5, 4.1, and 11.7 and
0.2, 3.4, and 17.9 ug.h/ml in males and females at the LD, MD, and HD,
~ respectively. WK13 AUCs for R-modafinil sulfone were ND, 2.8, and 25.8 and
ND, 0.1, and 8.4 ug.h/ml in males and females at the LD, MD, and HD,
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respectively. After racemic modafinil (CEP-1538), concentrations of CEP-1538,
(RS)-modafinil acid, and modafinil sulfone were consistent with those seen
previously in rats (Table I.C3). Unfortunately, R-modafanil was not measured
after administration of the racemate, but previous rat PK data indicate that the
AUC of the R-enantiomer is about 1/2 that of the S-enantiomer after
administration of the racemate due to stereoselective metabolism. In rats, R- is
more rapidly cleared than S-modafinil. In contrast, in dogs and humans R- has a
longer half-life than S-modafinil.

Table lll.C1 ‘
Table3: Mean Cy.x and AUC of armodafinil on Day 1 and Weeks 4 and 13 of
Administration in a 13-Week Oral Toxicity and Toxicokinetic Study of
armodafinil in Male and Female Rats

Day1 Week 4 Week 13

Dose Con AUC,.. Coa AUCo. Cox AUCy
(mgks) (gml) (@@eoml)  @Yml)  (Gphrml)  (igml)  (ugehml)

M F M F M F M F M F M F
&0 1014 567 56 31 NV NV NV NV 109 1504 113 85
200 1790 1614 302 191 NV NV NV NV 4056 4835 480 ¢67.1
600 60.75 3642 896 1186 2490 5126 1102 1858 31.02 41.81 1270 1868

Cimay = maxinnim observed plasma concentration; AUC = area under the plasma concentration versus
time curve; M =male; F = female; NV o value

Table 1Il.C2
Table2: Mean Cuny tux a0d AUC of armodatinil on Days 1 and 10 of
Administration in a 10-Day Oral Renge-Finding Toxicity/Toxicokinetic
Study of CEP-10953 in Male and Female Rats

AUCou or
Sex Dose Com tox AUCq.
(mg/kg/day) (ug/ml) (br) (pgetsiml.)
Male 1 100 16.94 05 258
200 24.8 035 655
35.54 05 1193
10 100 1046 05 157
1252 05 277
400 1273 10 608
Female 1 100 25.67 05 279
200 4338 10 | 90.2
400 5624 05 145.7
10 100 1261 05 182
21.94 05 562
400 28.73 05 1119
Cony = Makiran obsérved plisnia concenifation; tmy = time of Caux ; AUC = 2062 wides the plasnia
concentration versus time curve :
Table 11.C3
Tablel Ci for (RY)-modafinil, (RS)-modafisil scid and medafinil suifons in male and
female rats on Day 1 snd during Weeks 4 and 13 of dally ernl 1t 400 of (RS)-
* Dose [ tam AUCy,
Commeund Sex xx Sroun ims/ka/dav) i}
Modafinil Male D1 6 400 4753 0.5 1351
WK4 NV NV
WK13 17.65 03 311
‘Modafinil Acid Male DI 6 400 1054 0.3 2.7
WK4 10.50 0.5 336
WKI3 524 [X] 17.8
‘Modafinil Sulfooe Male DI 3 400 733 (X3 382
WK4 15.53 290 7%8
WKI3 — 13.00 49 715
Modafinil Female D1 6 400 4632 0.5 1593
. WK4 NV NV NV
WK13 26.42 1.0 1268
Modafinil Acid Female DI 3 400 922 [X] 470
WK4 17.88 40 94.6
WKI3 8.03 1.0 346
Modafinil Sulfonc Femalo D} 6 400 030 2.0 03
WK4 927 40 475
WK13 711 40 1.5
NV: No Value

19



Clinical Pathology
i. Hematology

R-modafinil (CEP-10953) treatment was associated with decreased
RBCs, hemoglobin, and hematocrit and increased WBCs and
lymphocytes (SS at MD and HD; Table 1l.C4). These effects were
generally reversible. Modafinil (CEP-1538) produced similar effects that
were generally comparable in magnitude to those observed at the MD or
HD of R-modafinil.
Table HI.C3 Summary of Hematology
Summary of Clinical Hematology Data

Test Article <Control CEP-1528 CEP-10933 CEP-1338 CRP-10953
sroup 1 2 3 4 5 s ® »
1avel (ng/kg/day} O 400 60 200 600 400 60 3200 600
RBC BRC b -] s 3z
(B6/0L) {26 /0% {E6/uUL) (G/BL) {G/DL} {G/DL) T (%) WCT. (%) T (%)
aroup Week 5 waek 14 week 13 Week S deak 14 Wesk 140 Mesk 5 week 14 Mook 19
in Mean 8.05 $.55 9.78 9 15.8 15.4 45.7 46.0 45.9
&0 ©.380 0.479 0.519 0.6% 0.48 ©.93 1.98 1.7 2.30
9 20 L] 9 20 s E 20 S
m Nean 7.11* 7.00* 9.50 14.3 13.6* 16.0 40.9° 40.3* 47.4
) 0.432 0.368 0.188 Q.69 0.7 0.3¢ 2.00 3.18 0.63
u 10 19 s 10 19 s 10 19 H
n Mean 7.97 .50 .92 15.6 15.0 18.8 “.8 45.3 45.9
&0 0.428 C.483 0.586 0.%3 0.78 0.94 i.n 2.23 3.17
L} 10 20 5 10 20 L] 10 20 5
" Nean 7.83° 7.99% 9.97 15.0° 14.6* 18.6 £2.3* 43.4* 46.1
0 ¢.366 0.444 0.3%0 0.4 0.59 ©.52 1.40 2.0¢ 1.06
" 10 19 5 10 19 s 10 19 s
[ nomy 6.97% 6.59° 0.97 16.4° 13.4° 16.3 0.5 29.4° 47.9
€0 0.372 0.423 0.310 0.37 0.38 0.66 1,29 2.45 1.60
B 10 10 5 10 20 s 10 20 5
Statistice » [ ? P ® b 4 P » P
s P < 0.08
P = RIOVA (and Dumnetes, if applicable)
ne " ne e W e »-883 n-s8G »-g80
{B/u) {%a/0%) {3 /00) (32 /9%) (%3/00) (/o) (%308} (n/w) (B3 fOL)
aroup Heek 5 - MWaek 14 Yeek 18 Neek S Weak 14 Neek 1¢ Wesk S Yeok 14 Heek 19
in Mean 1165 1274 1251 6.6 7.7 6.7 0.8 1.2 1.4
101.8 161.9 102.8 1.9% 2.57 1.92 0.27 0.44 1.16
» 9 20 s 9 20 s 9 20 s
m Neany 1372 1301 121% 14.4° 12.1* 7.5 2.1+ 1.6 1.1
& 143.6 103.3 139.2 2.20 .66 1.0 1.22 0.72 0.4
n 10 19 s 10 19 s 10 19 s
n Mean 1242 12684 1290 8.7 9.6 10.0° 1.1 1.7 0.9
80 173.9 135.4 229.¢ 2.90 3.12 1.40 0.41 1.51 °.23
] 10 20 5. 10 20 H 10 20 s
an Hean 1471 1261 1351 10.5* 10.8° 7.0 1.4* 1.e 1.1
&0 303.0 140.2 2.5 2.13 2.88 1.38 0.51 1.03 0.19
» 10 19 s 10 19 s 10 12 s
om Hean 1288 1184 1289 12.8° 12.0* 7.4 2.0° 1.9 1.2
£0 149.4 109.8 163.1 4.7 3.62 2.11 0.88 .56 C.49
;] 10 20 s 10 20 s 19 20 s
statistics ? 1 ? »~ P ? ” ? 4

Appears This Way
On Origingl
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Table 1ll.C3(cont.) Summary of Hematology

e . »EC E ) 1 ) s
{36/ 1) (Re/U%) (B6/0L) (@/0L) {a/0%) (o/00 KT (%) T {%) T (%)
gGroup Week 5 weak 14 week 18 Haek S Weak 14 Week 10 Haalk 5 Week 4 week 10
w nan 7.93 e.10 0.29 1.7 15.3 18.0 45.0 =4 “%.8
] 0.447 0.302 0.232 0.60 0.47 0.42 1.69 1.47 1.09
" 9 20 s 9 20 s 9 20 s
ar Mean €.59% 6400 e.39 14.0° 13.6* 161 39.9¢ 40.2% 7.2
© ©.240 0.222 0.43¢ 0.7 .78 .49 2.01 2.08 1.20
n 9 20 s 9 20 s s 20 H
ar Nean 7.13 7.93 815 15.6 15.1 15.6 4.6 .7 482
&0 0.302 0.279 6.140 0.6 0.%3 0.66 1.5 1.04 1.6
» 9 20 1) [ 20 H) ° 20 s
” mean’ 7.56 7.50% 8.1 18.2 16.7% 1s.9 43.9 @ 4.0
20 ©.342 ©.232 0.282 0.43 0.45 0.49 1.48 1.48 1.42
b 10 20 s 10 a0 ] 10 20 L
» nean 6.77% .74 .36 4.2 14.0° 1€.3 . @.3e 4.0
[ 0.375 0.434 0.534 0.55 0.63 0.36 1.99 2.03 1.33
n 10 20 s 10 20 ) 10 20 s
statistics 4 » » » ” » ] ?’
nr T nr wac wac e »-420 n-380 u-88G
{%3/0) (B3 /0%) {#3/0%) {13 /ow) (B3/00) w3/ {m3/un} {m/m} {83 /0L)
Group ook 3 wask 14 Yask 18 Waek S ook 14 Week 18 Woak S Teek 14 Nedk 19
i 4 Nean 1169 1224 1198 5.3 6.3 4.3 0.7 1.7 0.6
€0 208.3 12.4 133.9 XY 2.02 1.4 0.32 1.74 0.26
" E 20 s 9 20 s 9 20 s
ar nem 1304 1133+ 1262 9.2¢ 6.9 4.0 3.0 0.9 0.7
£ 159.2 114.3 148.2 1.38 3.82 1.00 .38 0.40 0.3¢
n Ed 20 H 9 a0 s 9 20 s
r Mean 1155 1202 17 4.2 s.4 3.9 0.7 0.6 a.4
£0 95.5 115.¢ 97.9 1.68 1.39 1.21 ¢.27 9.28 0.09
n ] 20 s 9 20 s ) 20 s
) Nean 1144 1162 1192 6.8 6.3 4.3 0.2 .9 c.e
20 2320.5 153.9 167.3 1.95 1.96 0.45 0.00 9.66 0.25
o 10 10 s 10 a0 s 1 20 s
5r Maan 1122 1076+ 1168 10.6¢ 7.4 4.3 1.1 1.2 0.6
0 299.58 220.% . 2.1¢ 1.7 0.47 0.44 0.92 0.38
n 0 0 S 19 20 5 1 20 S
statiseics P ? P ] » -3 L3 ?

ii. Clinical Chemi )
Cholesterol, protein, bilirubin, | PHOS, CA and GGT were increased in
R-modafinil (all doses) and racemic modafinil groups.

e. Necropsy
i Org. an Weights

Treatment-related increases in liver, kidney, and spleen weights were
seen at all doses of R-modafanil and in the modafanil group (Table
I.C5). These increases correlated with microscopic changes in these
organs.

Appears This Way
On Originail
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Table lII.C5

Susmary of Organ Weight Dakta (g}

9age 2 of 14
Teminal Sacritice
Test Article Conkrol CX9.1518  CEI.10983  CEP.1539  CEIN-10983
Group 2 ¢ 8 ¢ 7 )
lavel (ng/rg/day) O 4 €0 200 Ga0 400 GO 208 GO®
Ovgan Sroup 1N Qroup M Growp M Sroup 4N Qvoup N scatistic
to R Mean  €.50322 2.09578¢ 1.26230 7.33928 e.005700 3
Ratto 50 0.080295 0.950572 0645072 0.662222 0.01513¢
" 1 14 s n a8
xImY Mean  1.519¢ 4.61640 2.729 3.0778 4.6096*
2 0.5246S 0.40106 0285987 0.36320 0.5064
" 13 14 I b 8
to Maan  0.64862 0.99233% 0.72772¢ 0.79367% 1.08302° ¥
(s} 80 0.0409m8 a.092u18 ¢.060429 0.0829¢4 0.096068
] 15 14 15 3¢ 3
to B Wman  L.46T 2.09366* 1.73m2 1.76074 22463 ¥
Ratto S0 0.184027 0.220098  _¢.163624 0.131028 0.224790
] 1 14 15 14 18
soaaen Mean  0.9908 2.3986 $.9329 0.9313 143630 »
o 0.2307 0.19167 012344 0.22601 0.26304
) 18 14 15 N b
to taw Mman  0.3622¢ 0.20021¢ 0.10200 0.19000 0.12208¢ X
) 0 0.029MM 0.025420 ..037460 0.643704 0.039600
" 18 14 15 1 b

*e P < 0.08
X = ramk-transformed data
P « VA (and Dwnmtts, i€ applicadble)

orgamn Group 1Y Group Ir Growp 37 . Oroup 4F Group S¥ seatissc
to R Wan 3.96837 $.00428 4.10188 4.37363* 5.34939* M|
Ratio ] 0.360201 0.723870 0.261868 2.27397¢ 0.54245)
: s 18 s 13 s
KItgY Mpan 1.9884 2.4223¢ 1..138 2.1087 2.3312¢ »
] 0.14031 0.14770 0.14738 0.23023 0.1930
] 15 18 18 18 18
to ™I man 0.72212 0.91254% 9.67219 0.77092 0.90091*
(v} 20 0.040388 0.114632 6.042339 0.067991 0.088801
| 15 18 18 18 13
to R Mamm 1.00647 1.15920* 0.95920 1.04334 1.36310* M
Ratio ] 0.06707¢ 0.133872 8.066736 9.103M7 0.68303%
» 3% 18 Pl 18 b ]
SPLERN Man 0.539% 0. 9436 ¢.5834 9.6323 0.7802° ?
0 0.08782 0.16i8¢ 0.0882¢ 0.0007 0.33464
) | 13 18 b 4 18 s
to T Mmn 0.19428 0.34018 0.20402 0.23203¢ 0.30319¢ »
({}] 20 0.031638 0.033747 9.028500 9.020298 0.04813¢
" 1s 13 i 18 15
* N N ar

i Gross Pathology

No T-R macroscopic changes were reported.

iiil. Microscopic Patholoqy

T-R microscopic findings observed at the interim sacrifice consisted of
increased cellularity of bone marrow in the racemate and HD R-modafinil
groups; hepatocellular hypertrophy and focal necrosis in the racemate
and MD and HD R-modafinil groups; and increased splenic

hematopoiesis and pigment, increased nephropathy

regeneration, chronic inflammation), and hyperplasia and increased
apoptosis of the urinary bladder urothelium in the racemate and all R-

modafinil groups.

" Similar changes were seen at terminal sacrifice (Table I.C6): increased
cellularity of bone marrow and hypertrophy of thyroid follicular epithelium
in-the racemate and HD R-modafinil groups; hepatocellular hypertrophy,
and increased splenic hematopoiesis and pigment in racemate and MD
and HD R-modafinil groups; and increased renal tubular regeneration
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and mineralization and hyperplasia and increased apoptosis of the
urinary bladder urothelium in racemate and all R-modafinil groups. There
also appeared to be an increased incidence of cardiomyopathy in
racemate and HD R-modafinil animals at termination, and this was still
seen after recovery (Table lIl.C7). Kidney and bladder changes were still
somewhat increased in incidence and severity in treated animals,
particularly females, after the recovery period.

Table lIl.C6
Incidence of Microscopic Observations - Terminal Sacrifice

s NTINBEIR-OP - ANINALS -APPERCTED vuu
TANE IRCLNCES:

SEXellde; GROVDL, 3,3 4, §  WEREE AL WX MALE- IBGLE.
BEATNST; FIND=ALL ; SUBSRY--ALL
QROBP: -ls =2a 23e o8 oS 2le <2 ode ode oSe
CRANE AND FEEING DRSCRIPTION WASER: 15 14 18 14 18 15 1S 15 18
e el c@n 8. @- <l eBe e a@n
0 209 OF LIFT *+
WO, FROPR (PB) .. .....outviariornnccararnssonnacanns WONAER EXA s 18 14 1 o 13 15 15 18
mr % 1 o 3 2% o o 15
MARRON, FIMIR (PM) ... ......ccicciiiiesacesncnacesnnn WORIR EXMIERD: 15 14 18 14 15 18 4 3% 1%
WOT MDARKARLE: 13 1 4 n & 15 PO 14 ]
- NIDERCELLILARITY, NARACH 2 2 1 3 b4 o 14 L o 15
MARROW, FTWRMEM  (BB) .....eiiiiiisieiiieiniiiineiiinns WHAIR DXNGMED: 15 14 1S 14 15 1S 15 1§ 15 1§
WOT REMARIRSLE: 13 13 15 4 % 1% 11 1% 1% 12
«-NTPERCELLVIARITY, MARRON . 1 -] -] 13 ° 4 o o 3
BOME, STEMMUM (BB) .......c.cccieuvsisacanesansasasans WNMBIR EXANSINED: 15 14 1 o 315 135 1§ o o 18
wor T ¢ I 1 b o 1% 15 1% o e 15
| 2 J Y WABI EXANIND: 13 14 3 o 3 15 15 Q e 1
NOT MDBRISAE: 15 14 1 o 32 13 1% ° 9 15
~=CRVARACT [ ] [ o 3 o o 0 o ¢
- -HEMERALISATION, CORMEA L] ] o ] 1 o o ] o ]
--MTNZOLS L] L] o o 3 L) o o o o

- MUKSER-OF -ANINALS -APPRCTED oav-
TAME INCLITRES:

g#,m.:.:.a,nm ZX3 ALY AL
1 EReAL. ; SUBSETALL
GROWPs -3- 3= 3o -d- <Su <de e oBe ode oS-
ORGSR FREING DRSCRIFFION wAGSEE: 15 14 15 16 1S 15 15 1§ 1§ 1S
4bn aBe a@e aGe a®s o8a o8 e8e wme o=
NERVE, SOIMTEC (BI) ..eoeniiicnnnesennnssroccsnssnenns WARER EXMGEWED: 18 14 1 0 1S 18 1§ 0 0 18
WRPRDARE: 15 13 1 0 1S 14 s 0 o 1%
< CHOMTIATION ¢ 1 o0 o o 1 o o o o
MUSCLE, SKELETAL (SM) ...oooiineniotnnseianoinnssnnan WOMMER DXAMMDED: 15 14 1 O 15 1% B 0 0 18
. WTMELARE:. 15 14 1 0 15 15 15 0 0 5.
BRARM  (BR) . oiiiiiciiieiiiiiisaiiiaaeieioiaeiaaiaanne WARER CXURMED: 1S 14 O O 31§ 15 15 0 O 1%
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Conclusions

R-modafinil administration to rats for 3 months produced clinical signs, including
stereotypy, decreased RBC parameters, and microscopic changes in the bone marrow,
spleen, thyroid, liver, kidney, and urinary bladder. All of these effects have been seen in
previous oral repeat dose studies in rats with racemic modafinil and were seen in the
current study in the comparator control group. Urothelial hyperplasia/apoptosis had not
been recognized as an effect of modafanil previously, but had been seen in previous
repeat dose studies with racemic modafinil. Although the effects were qualitatively
similar, it appeared that the R-enantiomer may have been somewhat more potent than
the racemate in producing some effects on the kidney (tubular mineralization) and
particularly on the bladder. Based on the PK data from the 10-day range-finding study, it
appears that plasma exposures to parent are similar between R- and racemic modafinil at
the same dose, ie, 400 mg/kg. Microscopic findings in the kidney and bladder were seen
at the LD of 60 mg/kg, which was associated with exposures <1/10 those expected
clinically. Findings in the kidney and urinary bladder were not completely reversed after 4
weeks.
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Dogs with g 4-Week Interim_Sacrifice and a 4-Week Recovery Perlod (Cephalon Study
Number: DS-02-031; ‘=mwe==s== Stuydy Number 6573-145; conducted by ===

== , Report Issued 05 February 2004; GLP)

Methods

Dogs (beagle; 6-8/sex/group) were treated with 0 (vehicle: 3, Group 1), 75 — 60
mg/kg racemic modafinil (Lot # 1538-DT1-1; Group 2) or 7.5, 20 or 50 mg/kg/day R-
modafanil (Batch No. 02117K2a; Groups 3-5) by oral gavage (2.5 ml/kg) for 4 or 13
weeks. Three/sex/group were sacrificed after 4 weeks, 3/sex/group after 13 weeks; and
2/sex in Groups 1, 2, and 5 after 4 weeks of recovery. Assessment of toxicity was based
on mortality, clinical observations, body weight and food consumption data,
electrocardiography (prior to treatment, 15 to 75 min after dosing during Wks 4 and 13,
and at the end of Wk 17), ophthalmology, clinical pathology, toxicokinetics, and anatomic
pathology.

Doses were based on a range-finding study in which oral doses of 12.5, 25, or 50 mg/kg
were given to dogs for 10 days. CNS signs were seen in all treated-groups. There was a
dose-related decrease in BW gain. There were no changes in hematological parameters,
and the only clinical chemistry finding was a D-R increase in alkaline phosphatase at the
MD and HD. The effects were similar to those observed in dogs with the racemic
modafinil. Based on these results 50 mg/kg was thought to be the approximate MTD.

Results

a. Mortality

Due to what were considered T-R clinical signs and body weight loss, 1 female in
the racemic modafinil group (Grp 2, No. H00328) was sacrificed on Day 9.
Clinical pathology findings in this dog were said to be consistent with
inflammation, dehydration, severe cholestasis, electrolyte depletion, and stress
(markedly increased neutrophils, cholesterol, bilirubin, alkaline phosphatase, and
gamma GT; moderately increased hematocrit, APTT, glucose, and BUN;
markedly decreased sodium, potassium, and chloride; and moderately
decreased lymphocytes). A transmural duodenal ulcer and inflammation and the
occurrence of mucosal necrosis and ulceration in the esophagus were present.
This animal also had slight myeloid hyperplasia in the femur and sternum bone
marrow and moderate bile stasis with bile accumulation in bile ducts as well as
bile canaliculi, minimal atrophy of centrilobular hepatocytes, and moderate thymic
involution/lymphocytic depletion. '

b.  Qbservations

Throughout the study, several animals in both R- and racemic modafinil groups
received veterinary treatment for clinical signs, body weight loss, and poor
appetite. As a result, several animals (3 males and 4 females in racemate group,
2 MD R-modafinil males) were suspended from dosing for varying periods.
Because of the poor condition of animals given racemic modafinil, the dose for
this group was reduced from 75 to 60 mg/kg on D13.

Clinical signs included D-R stereotypy in all treatment groups. Behavioral
observations were generally seen 1 to 2 hours after dosing and persisted for
several hours. These included circling, hypoactivity, hyperactivity, and repetitive
movements (side to side motion, head bobbing, pacing, general movements, and
jumping on and off the perch). The incidence of the behavioral observations
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generally decreased as the study progressed, although several of the repetitive
observations were still noted towards the end of the treatment period, particularly
for animals given the racemate or HD R-isomer. Generally, clinical signs were
similar in the HD R-modafinil and racemate groups.

C. Body Weights

During the first 1-2 weeks of dosing treated groups exhibited a decrease in food
consumption and a concomitant body weight loss (Day 8 BWs 10 - 15% lower
than Day 1 for racemate or HD R-modafinil group males and females and MD R-
modafinil males). However, after approximately 2 weeks of dosing, the BW gains
were similar among groups.

d. Ophthalmology
No T-R effects noted.

e. ECG

No T-R effects observed.

f. Clinical Pathology

Decreased RBC parameters (Table l.D1) and increased cholesterol and
alkaline phosphatase (Table lll.D2) were observed in all R-modafanil and
racemic modafinil groups. These changes did not appear to get worse over time,
and were reversible for the most part (RBCs in males not completely reversed
after 4 weeks). The effects on alkaline phosphatase were consistent with bile
stasis observed microscopically. Similar effects have been observed in repeat-
dose toxicity studies in dogs with R,S-modafinil (NDA 20-717). There were no
effects on urinalysis parameters.

Table H1.D1
. Swmmary of Clinical Hematolegy Data
Test Azticle Control CE9-1838 CRD.10983
Qaonp 3 3 3 & 8
Level (sg/kg/day) ¢ /60 7.5 20 30
e me e e e
(W6/WL)  (RE/OR) (/&) (R6/W)  (R6/WM)
Group Weak -2 aek -3 esk § Yook 14 Wesk 18
wm Nean 7.1% .18 &.66 7.02 7.22
0 0.426 6.280 0.4 0.32312 0.7
) [ L ] 3 2
e Nean 7.08 7.03 $.33* $.88° 6.77
g q.468 e.464 a.108 0.408 0.309
» [] L ] L] 2
3 Nean €.9% 7.0 4.38 6.3%
0 0.323 .53 2.322 0.342
1 14 [ 4 & 3
" Nean 7.54 7.6 €.33 §.12¢
0% 0.43% 0.3 9.59% 0.368
| 4 4 L3 3
= Nean 7.18 7.30 5,48 $.39° 6.7%
= 0.460 0.542 0.47% 0.309 0.780
L g ] s L ] $ 2
Staktstics » » ] b} X

% P < OX «0.08%
P < MIOVA (ad Dwmnett's, AL appiicable)
X o mot aalysed
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{R6/0L) {85 /U0) [ T4 2 (X6/Uk) {26/%%)
arcup Week -2  Wesk -1  Meek $ Wask 14  Week 18
wr Nean 7.16 7.12 .90 .59 6.9
0 0.364 0.368 0.508 0.402 0.276
[} s ] s [ 2
. Nean 6.0 §.93 S.45 5.48¢ X ]
0 0.231 6. 0.184 0. 486 0.410
n 0 ] ? H 2
2 4 Nean 6.7 6.0 .14 5.0
) 0.414 0.31¢ 0.660 0.188
u € € 6 3
o [ 1Y 6.96 7.08 s.74¢ 6.29
0 0.400 a.488 0.3% 0.748
| | € 6 € 3
[ Hoan 7.43 7.44 .09 $.79
0 0.437 0.283 0.738 6.1
w s . s s
Stakistics » » ”® ) 3
Table I11.D2
Swamary of Clinical Chemistry Data
Test Article Conkrol CEP-1538  CED-10953
Groep 3 H 3 4 3
»evel (wg/kg/aay) @ /60 7.8 20 SO
ax A ALK Ak Aax
mos mos tnos
au/L) (29/1) (10/L) (T9/L) (10/L)
aroup Week -2 WeeR -1 4 Week 18
" Nean [ 58 ¢ o *
s 27.0 ;.0 4.0 2.4 4.2
" s s s s 2
m Neas 50 ) 08¢ pYT “*
£0 20.8 16.9 s8.2 40.6 2.2
" s [ 8 s 2
m Neas 53 51 0 [
£ 15.2 18.7 34.3 37.6
» 6 6 < 3
- Nean as 45 120¢ 20
o 12.8 20.2 37.2 2.8
4 6 & . 3
[ Nean I3 a“ 229 1™ 2
» ua 12.8 .3 598 6.4
" ? [ 8 s 2
Seaeistics ? » 3 ? z
%e P ¢ OF =0.05
£ o ramk-transformed data
P = ANOVA (and Dwnett's, if applicadls)
X = not amalysed
R ALK AKX AKX A
mos mos mee moe mos
(F0/%) X¥/L) {30/%) {IU/%) (/%)
Group Wesk -2 Wask -1 Wesk S Wosk 14  Week 18
w Nean [33 48 Qa 33 as
” 13.3 10.6 na 9.0 3.2
» s s ] s 2
2? Nean 4% 4" U3 215 *®
] .4 pE VS } 36.0 133.3 (B
= s [ ] 7 [ 2
r Neaa 54 $0 0 [
» 1.8 16.8% 1.2 37.6
| ] ¢ ] ] 3
- Nean s? (33 313e 99
) 3.6 17.0 9.8 27.4
| [ [ € 2
[ ] Nean 61 56 17 201 2]
0 7.6 6.6 $1.6 nr.7 6.4
" . s . s 2
Stmistics ”n » ”~ = x
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g. Plasma Levels

Results of TK determinations are shown in Table Hl.D3 and 1ll.D4. Plasma
exposures to R-modafinil and the racemate were markedly lower after repeated

- dosing. WK13 AUCs for R-modafinil acid were 0.0, 1.5, and 5.5 and 0.0, 2.0, and
6.3 ug.h/ml in males and females at the LD, MD, and HD, respectively. WK13
AUCs for R-modafinil sulfone were 12.8, 24.3, and 77.4 and 8.6, 25.6, and 78.8
ug.h/ml in males and females at the LD, MD, and HD, respectively. Plasma levels
of racemic modafinil were consistent with those seen previously in dogs. R-
modafanil was not measured after administration of the racemate, but previous
dog PK data indicate that the AUC of the R-enantiomer is about 2X that of the S-
enantiomer after administration of the racemate due to stereoselective
metabolism. After a 30-mg/kg oral dose, the AUC was greater and the {1/2 longer
for R- compared to S-modafinil: AUCs for R- and S-modafinil were 70.0 and 38.1
Mg-hr/mi, respectively, and t1/2s were 5.01 and 3.52 hr.

Table ill.D3
Text Table 1: Mean + SD pharmacokinetic paramseters for (R)-modafinil in male
and female beagle dogs on Day 1 and during Weeks 4 and 13 of daily oral
administration at 7.5, 20 or 50 mg/kg/day of (R)-modafinil

Sampling Dose Cous [ ty  AUG.arAUC2
i cheiel)

n
453 L GELL *0. 4%
4 20 6 1520%357 13304 35310 96352341
5 50 8 3891#951 14205 4419 396021001
Week 4 3 2.5 6 433210 10300 13203 112442
4 ol 6 1360+285 10400 123+02 320454
5 50 $ 223+£581 16200 11201 n5+162
Wesk 13 3 75 3 512409 10200 14203 140543
4 20 3 RIHL0S 10+00 12202 301+38
5 30 5 30492617 12+04 10202 9382142
Feaule Dayl 3 75 § 390+097 13405 26211 213+68
4 0 6 1260:246 18+12 27+08 TA12174
5 30 8 3297£658 21208 353217 33362320
Wesk4 3 75 6 4832 10200 13204 126£39
4 20 6 10243271 10200 13202 351+63
5 30 8 28122406 10200 12201 813+93
Wesk 13 3 75 3 4574017 132068 13304 124444
. 4 » 3 1498+233 10200 11:01 341445
— 3 11202 982126
3 AUC SxDayland for Wedks 4 and 13. ’
Table 1Il.D4
Tablel MeanzSDp inetic p for il acid and sulfonc in male nod feranle
besgle dogs on Day 1 and duriag Weeks 4 sid 13 of dally oral sdruluistration st 7568 mg/kg/day of racemic
medafiall
Sampling Door Com tose ty AUC,a0r AUC«‘
Cormnesnd Stz Deried Gree  (emkeiday) 2 (/ml) L] an {ush/nl)
Modaflai) Ml Dyl 2 75460 8 40668565 19%10 4dztld 36392627
Wock 4 8 2253581 1104 12103 643£153
Weck 13 5 23403661 10400 12303 6252116
ModafnilAcid  Male  Dayl 2 7860 8 1DMLESIS 23407 37218 V14336
Wock 4 8§ 13504267 15205 13204 49.12 128
: Woek I3 : 5 1273£443 14:08 13403 . 6.3+200
Modsfiuil Sulfoce  Male  Dayl 2 78—60" B 14405212 6521 NC 191.02 47.7
Week 4 § 11862239 1904 17207 5753153
Week 13 S 1264233 20200 16102 358+ 12.6
. Modafiail Feomle Dayl 2 150" 8 33284562 15£08 36304 26282518
. Week4 6 22302315 12:04 15203 65988
Waek 13 4 28874472 10+£00  12:02 66790 |
Modafiil Atid  Permle Dayl 2 560" 8 2A3IL3A3 30sLt st 19576302
Week 4 6 17852238 17405 15:03 TTLI58
Week 13 4 190392559 13405 12403 ATy X]
Modafinil Svifme  Female Day! 2 75-60" 8 13602281 6&0%21 NC 123706
Weck 4 6 1128128 18204 16204 524457
o Week13 4 12982238 18205 14202 370116
*The dogs ioncced 75 mpky/dey Deys 1-)2 s 60 my'kydsy o Dey 13 trvugh sscrifice.
* AUCq. for Doy 1 s AUCo. o8 Woeks 4 20d 13,
* AUC, see for AUC,,
NC: Dot Celoulable
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h. Necropsy

i. Qrgan Weights
At the 4- and 13-week sacrifices, there were D-R increases in

liver/gallbladder weights in R- and R,S-modafinil groups (up to 200%;
Table MlI.D5). Kidney weights were D-D increased in R- and R,S-
modafinil group males at terminal sacrifice.

Table IIL.D5
Swmmary of Organ Weight Data (g) - Terminal Sacrifice

#age 1 of 14
Test Areicls Control C22-1538 CEP-10953
Crovp Yy 3 2 4 s
Level (wg/xg/dayl ¢ 78768 7.8 20 S0
orgm aroup 1M aroup M Gxowp M Group 4 axoup S Statistic
™ Msan 10132 INE.0 2233.3 71%.0 2276.7 »
o .53 $35.90 ca3.80 2408 323.07
[ ) 3 3 3 )
A M 80.0002 €3.4307 74230 79,7373 0.3677  »
. ~” 3.60867 8.31812 3.93012 2.188 $.20337
] 3 3 3 3 3
to T Mean 9.70742 0.91237 9.9052¢ o.81891 0.06632
(L] o 0.061937 0.030207 0.08594% 0.074808 0.030427
= 3 3 3 3 3
to R Mean 1.00000 1.00000 3.00800 1.00000 1.00000 I
Ratio = 0.000080 0.060000 €.000000 0.000000 0.080000
[ E] ] 3 3 3
XITINY man iS50 $6.7907 46.9623 $5.8827 54.2997 X
L 2.73386 10,2544 $.31113 0.40108 323166
» 3 ] 2 3 3
to Tw oo 0.44438 8.62460% 2.50088 0.86976% 0.50530¢ 3
[} 0 0.02783¢ 0.979012 0.0¢0228 0.0333%8 0.000664
” E] a 3 2 3
*a P < OF «0.0%
K = Task-traneforaed data
P = ANOVR (and Dumwtt’s, 1f appitcadle’
X =« not amalysed
Organ Gyoup 1N Groug I8 Crowp M droup 4N Croup 58 Stattstic
TEWMOID/ -  Nemy 0.8497 0.6737 0. THT 0.7560 0.8%67 ?
SARASEYR 0 9.14032 0.00130 9.20843 0.1569¢ 0.11847
- 3 3 2 3 3
to ™ Mean 9.00030 0.40%8 9.00833 0.007% 0.00968 ¥
(L)) ] 0.000817 0.001178 .003738 0.00212¢ 0.002032
» 3 3 3 ) 3 3
to B e 0.01083 0.40829 6.02047 0.00966 0.01118
Ratio 0 0.00197% 0.601730 6.0028I1 0.004793 0.001184
] 32 3 3 3 3
THEEINCE e 3.4477 3.32017 3.4247 3. 2.3930 »
0n 0.279U 0.852813 0.06088 0.42438 0.44982
L 3 3 3 3 )
to M 4.03382 0.03423 0.02683 0.02987 0.0311%
{¥} £ 0.001212 0.008408 4.007203 0.00%208 0.00502¢
L) 3 3 F 3 3
to - 9.04310 2.93806 0.04529 0.0361¢ 0.01587 »
Ratio 0 4.002954 0. 008724 0.031090 0.003957 0.082621
] 3 3 3 3 3
W 223.3477 447.4993¢ 252.7770 302.8930* 445.9947¢ ”~
50 11.07756 $0.43760 33.30812 29.09953 78.25314
] 3 3 3 3 2
to wn 3.319198 4.93387¢ 2.73009 3.09884% 4.73950° W
(L] ” 9.082400 0.634778 $.168840 ©.207213 0.774862
- 3 3 3 3 3
= san 2.79297 5.43278¢ 3.41301 3.719762 5.51605*
Ratio " 9.152237 0.906449 0.449108 0.389619 0.679379
] 3 3 3 a 3
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Yayw A3 UL 2%
Tesminal Saczifice
Test Article Combrol CE2-1338

CED-1095)
arowp Y 2 3 & s
Level (mg/xg/day} o /60 1.8 20 S0
orgamn Czoup AP Group 2P Gxouwp IF Qroup &F Group 57 fatiotic
to IR an 8.0136¢ 0.03630 $.01493 0.01288 0.01¢02
atto ] $.0026% 0.902928 6.0019% 0.000323 0.082846
4 3 3 3 3 3
THYROID/-  Meam 0.86%0 0.7837 0.5670 0.8953 0.6023 »
DARATEYR 20 0.35687 0.33326 0.13337 0.309%% 0.03958
n 3 3 3 3 3
to ean 0.06918 0.009%3 4.0078¢ 0.00028 o.co811  »
(%) 20 $.003497 0.001142 6.002727 0.001844 0.000%12
b J 3 3 3 3 3
to B Mean 9.03187 0.009%4 $.007%¢ 0.00798 0.00814 P
Ratio 0 0.003332 o.e0207 4.00209¢ 0.001604 0.001270
| 3 3 3 3 3
LIVER/ Maan  205.1647 312.5503 219.0047 236.8197 29%5.6720¢ X
GALABLAD 0 26.53322 74.83639 92.88792 310.3032 30.50898
» 3 3 3 3 3
o T M 2.22404 3.90244% 3.04207¢ 3.34818¢ J.44078¢
%) ] 0.290837 0.174326 9.058000 ¢ 0.399402 0.408112
| 3 3 3 3 3

Gross Pathology
No T-R changes noted at interim or terminal sacrifice.

Microscopic Pathology
Bile stasis (primarily centrilobular) was seen in the MD and HD R-

modafinil and racemate groups at the 4- and 13-week sacrifices, and
periportal-midzonal hepatocellular hypertrophy was observed in these
groups at 13 weeks (Tables Ill.D6 and 1Il.D7). There appeared to be an
increased incidences in kidney findings (tubular regeneration and
mineralization) in R- and R,S-modafinil-treated females at termination,
but since tubular mineralization was seen in practically all animals
including controls at the interim and recovery sacrifices, the incidence in
C females at termination may have been too low. Thymic
involution/lymphocytic depletion seen in R- and R,S-modafinil-treated
animals at 4- and 13-weeks was considered to -be stress-related.
Thymus and liver changes appeared reversible based on findings in the
4-week recovery group (Table lIl.D7).
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Oral administration of R-modafinil (7.5, 20 or 50 mg/kg) or modafinil (75 —60
mg/kg) to dogs for 4 or 13 weeks produced typical clinical signs (stereotypy),
transient BW gain reduction, hematology and clinical chemistry changes (JRBCs,
tAlk Phos), liver weight increases, and microscopic evidence of hepatocellular
hypertrophy and bile stasis as well as thymic involution/lymphocytic depletion.
The findings at the HD of R-modafinil were generally similar to those observed
with racemic modafinil. Thymus and liver changes appeared reversible. Based on
thymic involution/lymphocytic infiltration at the LD, there was no NOEL. The

exposure at this dose was about 1/10 that expected clinically.
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CARCINOGENICITY

R-modafinil was not evaluated for carcinogenic potential. Modafinil was evaluated in a
two year oral carcinogenicity study in Sprague-Dawley rats and a 78-week oral
carcinogenicity study in CD-1 mice (NDA 20-717). These studies have been reviewed
previously. "Because the mouse study used an inadequate high dose that was not
representative of a maximum tolerated dose," modafinil was subsequently evaluated in a
26-week dermal Tg.AC transgenic mouse bioassay as part of an FDA Phase 4
commitment. The rat study was also considered inadequate by the pharmacology
reviewer, but was ultimately accepted after CAC consultation.

26-Week Dermal Carcinogenicity Study in Tg.AC Mice (Cephalon study no. DS-03-015;

" mmesssimee - Study No. AA52YL.7D82.BTL; conducted by -
completed 3/29/04; GLP)

Methods

Tg.AC transgenic mice (20/sex/group) were treated with modafinil (Lot # 1538-DT1-1) at
doses of 62.5, 125, and 250 mg/kg (Groups 3, 4 and 5) given dermally twice daily (6 hr
apart) for 26 weeks (total daily doses of 125, 250, and 500 mg/kg). The vehicle control
group (20/sex; Group 1) was treated twice daily with methanol. A positive control group
(20/sex; Group 2) was treated with 1.25 ug tetradecanoyl phorbol acetate (TPA) in 0.1 ml
methanol 3 times per week. The doses used in this study were based on the results of a
4-week dose range-finding study (TK data shown in Table IV.A1) and were approved by
the CAC (minutes dated 3/4/03). The HD was thought to represents the maximum
feasible dose based on the limit of solubility of modafinil in methanol and the maximum
application volume (200 ul). The exec-CAC also noted that "there is merit to using a
Tg.AC topical assay even though this is an orally administered drug." All animals were
observed for mortality and clinical signs and were weighed weekly. A detailed
examination for non-skin tumor clinical signs, including signs of toxicity and dermal
irritation, was performed on Day 1 and weekly thereafter. A separate evaluation of the
animals' skin was performed weekly (for 27 weeks, including once prior to study start) for
evidence of tumors at the site of application (SOA) and non-SOA. A skin tumor was
designated "latent" after reaching a size of 2 mm in diameter and protruding from the

- surface of the skin. A skin tumor was designated "actual” if remaining countable for three

consecutive weeks. Positive control mice with a count of 220 actual skin tumors at the
SOA were sacrificed without necropsy. Surviving positive controls were sacrificed without
necropsy on D182 (females) or D183 (males). At termination (D183-184), all surviving

~ animals were sacrificed, weighed, and necropsied. Organ weights were taken and

specified tissues were preserved for histopathological evaluation. Except for the positive
control animals, representative sections of non-lesioned skin at the SOA, and skin at a
non-SOA site were evaluated microscopically from all animals found dead, sacrificed
moribund, and surviving to scheduled sacrifice. All other specified non-skin tissues and
non-skin gross lesions found in those same animals (excluding Group 2) were also
evaluated microscopically in the HD and C groups. In addition, a total of 10% of all the
skin tumors per animal (with a minimum of 1 and maximum of 5, or the only- tumor
meeting the requirements per tumor-bearing animal) identified during the in-life phase of
the study, located in the shaved site of application and found at necropsy, were
processed for histopathological evaluation.

Results

There was no effect of treatment on mortality (0/20, 1/20, 2/20, 1/20, and 3/20 male mice;

and 2/20, 2/20, 3/20, 2/20, and 0/20 female mice from Groups 1-5, respectively). 15/20

male mice and 11/20 female mice from the positive control group were sacrificed
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according to protocol after 20 actual skin tumors were found at the SOA. Drug treatment
did not produce any notable dermal irritation. Dermal irritation at the SOA seen in all
positive control males and females was attributed to the known irritant properties of TPA.
There were no treatment-related clinical signs and no effects on male body weights.
Female body weights were D-D increased (SS) in drug treated groups compared to C
beginning at Day 15, but there were no significant effects on overall body weight gain in
either sex.

Statistical analysis (by sponsor and FDA statistician) of numbers of tumor bearing
animals at Week 27 did not indicate any significant differences in any of the drug
treatment groups compared to the vehicle control (VC) group. Incidences of mice with
skin tumors (latent or actual papillomas) at the site of application (SOA) were 1/20, 20/20,
0/18, 1719, and 0/17 males; and 0/18, 20/20, 2/20, 2/20, and 0/20 females in Groups 1-5,
respectively. Incidences of mice with skin tumors at a non-site of application (NSOA)
were 1/20, 0/20, 0/18, 0/19, and 1/17 males; and 0/18, 0/20, 0/20, 5/20, and 2/20 females
in Groups 1-5, respectively. So, there was a non-dose-related (and NS) increase in skin
tumors in treated females (Table IV.A2). Most of the increase was in NSOA latent
papillomas in MD females (5/20). Incidences of animals with SOA tumors were
statistically significantly increased in positive control males and females compared to VC.

There were no T-R gross necropsy findings. Liver weights were increased in drug-treated
animals at all doses in both sexes; heart, brain, and spleen weights were increased in
MD and HD females; and thymus weights were increased in LD males and HD females.
Centrilobular hepatocellular hypertrophy was found microscopically in all HD females and
18/20 HD males. Malignant lymphoma was found in 1 HD male, and erythroleukemia was
seen in 2 HD males and 3 LD females, but these were not considered to be T-R.

3. Conclusion

Dermal administration of modafinil to Tg.AC mice at doses of 125, 250 and 500 mg/kg for
26 weeks did not produce a clear increase in the incidence of dermal tumors or in
incidences of neoplastic changes in other tissues that were examined microscopically.
The positive control (TPA) produced the expected significant increase in dermal tumors.

Table IV.A1

Table5: Mean Plasina Concentrations of Modafiail, Nfodafinil Acid, and
Modafinil Suifone im Male and Female FVIVN Mice after Trvice-Daily
Dermal Administration of 125 or 256 mg/kg for up to 26 Consecutive

Days
Males Females
128 250 128 2%
my/kg bid mghgbid ag/kg bid wog/kg il
Dayl Day26 Payl Day2é Dwyl Day26 Dayl Day 26
Modafinil
Coes’ 2348 9.62 4125 654 1597 667 3065 B
(ug/ml)
AUCyq 481 265 1306 269 412 215 1284 98
(getwml)
Medafinil Acid
Cone' 300 105 54 000 228 099 417 066
(pg/ml)
AUCss 75 17 204 0.00 52 29 198 17
(ngehe/ml)
Modafinil Salfone
Cane’ 1.70 243 392 354 257 094 757 0.62
(ug/oal)
AUCqy 59 81 354 100 84 38 N6 09
(ugtwml)

#Vakiés shawn are for the Srit dhily dosisg; below thé limit of quaatitition (<0.5 jig/hnl); Can=
; bserved pi " C 300 Versus time

AU = area under the plasma

cupve; bid = twice a day

523 Cosclusions
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Table IV.A2 Summary incidence of animals with papillomas- Study week 27

CEPHALON STUDY AASZYL.7082.5TL - PAPILLOMA DATA
obs

AC=Maxmum Actual Carcinomas observed for 3 Weekly Obs.
ACO=Maximum Actual Carcinomas observed for 3 Wi Obs but Su Di

LC=Latent Carcinoma not Et observed for 3 Weekly Obs

- o T
Laient bearing anim

SOA only ]

i M[020_{0) 120 (5) 120 (5) 00
3 F10I18 ©) o018 (@ _ 0/18 (0) 00

2 MI17I20 (85) 020 (0) 17720 (85) 82|
2l F117I20 (85) 0/20 (0) 17/20 (85) 85"

N M]one ©) 0M8 (0) 0AB (0) 0.0
3 F #o (0) 0720 (0) 020 (0) 0.0
4 M[019 (0) 019 __(0) 049 (0) Y
4 F[1/20 (5) 5720 (26) 520 (25) .10
5 MIOA7_(0) 0ii7 . (0) 07 _(0) 0.0
[ F‘OI20 0) 220 (10) 220 (10) 0.0]

'l.- *“ a

Actual anim

SOA_only |

1.0

© 08 (0) __ 0/18_(0) 0.0
20120 (100) 020 " "(0) 20420 (100) 98
20/20 (100) 0/20 (0) _ 20/20(100) 14.9°
018 (0) 048 (0)  0/i8_(0) 0.0}
2R0_(10) 020 (0) 2720 (10) 1.0
19_(5) o9 (0) 1119 (5). i 10
120_(5) 220 (10) 3”0 (15 : 1.0
]

lenn7_(©) w7 (6) _ 117 _(8) 0.0
620 (0) 120 (5) 1720 (5 0.0}

AN) - Burden (AR
All

.SOA only 1
1.0}

- - 0.0

BTG T ~ 27

2020(100) ;.. . .. 20.

RC) e
2720_(10) Lj

719 (5 1.

8720 (30) 1.0

T _(8) 10
0.0]

* For positive control animals, tumor burden reflects burden at time of death, scheduled sacrifice, or terminal sacrifice.
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B. Bacterial Reverse Mutation Assay ( wees=s==% _ Studv Number AA85HZ.503.BTL;
Cephalon Project Number DS-03-036; performed by s 2o + report b(4)
dated 8/04; GLP)

1. Methods

R-modafinil (Lot No. 03188K2a) was tested in the Bacterial Reverse Mutation (Ames)
Assay using Salmonella typhimurium tester strains TA98, TA100, TA1535 and TA1537
and Escherichia coli tester strain WP2 uvrA in the presence and absence of Aroclor-
induced rat liver S9. The assay was performed in two phases, using the plate
incorporation method. The first phase, the initial toxicity-mutation assay, was used to
establish the dose-range for the confirmatory mutagenicity assay and to provide a
preliminary mutagenicity evaluation. The second phase, the confirmatory mutagenicity
assay, was used to evaluate and confirm the mutagenic potential of the test article.

2. Results

In the initial toxicity-mutation assay, the concentrations tested were 2.5, 7.5, 25, 75, 200,
600, 1800 and 5000 ug per plate. No positive mutagenic response was observed. Neither
precipitate nor appreciable toxicity was observed. Based on these findings, the maximum
concentration tested in the confirmatory mutagenicity assay was 5000 ug per plate.

In the confirmatory mutagenicity assay, no positive mutagenic response was observed at
concentrations of 75, 200, 600, 1800 and 5000 ug per plate (Table IV.B1). Neither
precipitate nor appreciable toxicity was observed.

Table IV.B1.
Bacterial Mutation Assay
Summary of Results - Confirmatory Mutagenicity Assay
Table 22

Test Article Id : CBP-10953 Lot No. 03188K2a

_Study Number : AABSHZ.303.BTL Bxperiment Nos : B2, B3 and B4
Average Revertants Per Plate :+ Standard Deviation

Liver Microsomes: None

Dose (ug/plate) 'rasa‘ TA100 TA1535 TA1537 WP2 uvrh
Vehicle 283 3 229% 8 21 ¢+ 4 8 2 15 ¢+ 3
75 26 6 209 + 16 17 » 5 4 2 11+ 2
200 26 % 8 234 7 24 ¢ 3 9 1 14 2 s
600 22 » 4 223 3 25 28 2 2 8 & 2 12 2 4
1800 33 % 2 239 3 2 30 3 8 ¢ 1 12 % 2
5000 23 2 3 234 3 8 28 ¢ 6 8 ¢ 1 8 = 1
Positive 146 + 14 718 3+ 99 295 4+ 30 675 & 33 111 4 3
Liver Microsomes: Rat liver s9

Dose {ug/plate) TASO’ 'rnoob ‘TA1535 TA1537 WP2 uvriA
Vehicle 43 5 173 ¢ 17 15 ¢ 5 5 2 13 2 2
75 34 2 3 172 2 18 3 1 8z 1 14 2 2
200 44 £ 6 157 ¢ 10 16 % 2 8 z 1 15 1
600 35 % 4 156 7 18 1 6+ 1 13 & 1
1800 36 2 6 153 4 14 2 4 8 & 3 14 2 1
5000 38 £+ 11 157 + 26 11 ¢ 2 7 1 10 = 1
Positive 1335 + 94 969 3 147 137 + 25 161 + 20 842 &+ 34
Vehicle = Vehicle Control
Positive = Positive Control (50 uL plating aliquot)
Plating aliquot: S0 uL
a = Data from Experiment B3
b = Data from Experiment B4

3. onclusions

R-modafinil was negative in the Ames test under the conditions emploYed.
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" C.

In vitro mammalian _chromosome aberration test (Cephalon Study Number: DS 03-015;
emsezeiniy, Study Number AAS52YL.7D82.BTL; conducted by =

50 ompleted 3/29/04; GLP)

Methods

R-modafinil (Lot No. 03188K2a), was tested in the in vitro mammalian chromosome
aberration test using human peripheral blood lymphocytes (HPBL) in both the absence
and presence of an Aroclor-induced S9 activation system. A preliminary toxicity test was
performed to establish the dose range for testing in the cytogenetic test. The
chromosome aberration assay was used to evaluate clastogenic potential. In the
preliminary assay, the maximum dose tested was 2730 ug/ml. Human peripheral blood
lymphocytes were treated in the absence and presence of an Aroclor-induced S9
activation system for 4 hours and continuously for 20 hours in the absence of S9
activation.

Results (Table IV.C.1)

Visible precipitate was observed at 2730 ug/ml. Concentrations < 819 ug/ml were
soluble. Substantial toxicity (i.e., 250% reduction in mitotic index relative to solvent
control) was observed at 2730 ug/ml in both the non-activated and S9 activated 4 hr
exposure groups, and at dose levels > 273 ug/ml in the non-activated 20 hr exposure
group. Based on the results of the preliminary test, doses selected for testing in the
chrom ab assay ranged from 125 to 2000 ug/ml for both the non-activated and the S9
activated 4 hr exposure groups, and from 25 to 500 ug/ml for the non-activated 20 hr
exposure group.

In the cytogenetic analysis of the non-activated 4 hr exposure group, mitotic inhibition
was 53%, relative to control, at the highest test concentration evaluated microscopically
for chromosome aberrations, 1750 ug/ml. The doses selected for analysis of chrom abs
were 500, 1000 and. 1750 ug/ml. The percentage of cells with structural or numerical
aberrations was not significantly increased above that of the solvent control at any dose
level. The percentage of structurally damaged cells in the MMC (positive control) group
was statistically significant (13.0%).

In the cytogenetic analysis of the S9 activated group, mitotic inhibition was 53%, relative
to C, at the highest concentration evaluated for chrom abs, 2000 ug/ml. The doses
selected for analysis of chrom abs were 500, 1000 and 2000 ug/ml. The percentage of
cells with structural or numerical aberrations was not significantly increased above that of
the solvent control at any dose. The percentage of structurally damaged cells in the CP
(positive control) group was statistically significant (15.0%).

In the cytogenetic analysis of the non-activated 20 hr exposure group, mitotic inhibition
was 55%, relative to C, at the highest concentration evaluated for chrom abs, 250 ug/ml.
The doses selected for analysis of chrom abs were 50, 150 and 250 ug/ml. The
percentage of cells with structural or numerical aberrations was not significantly
increased above that of the solvent control at any dose level. The percentage of
structurally damaged cells in the MMC (positive control) group was statistically significant
(16.0%).
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Table IV.C1

Men Aberrations Celis With Aberrations

Treatment 3 Trestment  Mitotic Ceils PerCet Numerical  Structural
(ug/ml) Activation  Time Wndex  Scored  (Mean +-SD) (W] o)
DMSO - 4 64 200 0010 0.100 00 1.0
CEP-10953 (Lot No. 03188K2s)
500 - 4 69 200 0000  +0.000 0.0 1]
1000 - 4 53 200 0000 30,000 00 0.0
17%0 - 4 30 200 0010 #0100 [X] 19
MMC, - 4 52 200 040 30376 00 13.0%
(13
DMSO + ) EX] 200 0000  £0.000 10 00
CEP-10953 (Lot No. 03188K28)
500 + 4 62 200 0000 0000 00 00
1000 +* 4 6.1 200 0000 0000 10 00
2000 + . 3s 00 0020 0140 [X] 20
[« X + 4 34 1003 Q180 20458 00 15.0%
20 ’
DMSO . 20 3. 00 0000 0000 00 00
CEP-10953 (Lot No. 03188K28) )
50 - -} 65 00 0000 0000 00 09
150 - - 60 200 0000  +0.000 00 00
2% - 20 33 200 0000 40.000 0s 00
e, - 2 55 100f 01 0403 00 1600
03

$ Numerical aberrations are out of 200 cells scored.

Trestment: Cells from all treatment conditions were harvested at 20 hours after the initistion of the

treatments.

per Cell: ly d& d ceils were counted as 10 aberrations.
Pevreent Aberrant Cells: *, p<0.05; **, p<0.01; using the Fither's exact test.
3. Conclusions

R-modafinil (Lot No. 03188K2a) was negative for the induction of structural and
numerical chromosome aberrations in the non-activated and S9 activated test systems in
the in vitro mammalian chromosome aberration test using human peripheral

lymphocytes.

Appears This Way

On Criginal

39



REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

A fertility and general reproductive performance study was not conducted using R-
modafinil. However, because the original fertility and reproductive performance and rabbit
embryofetal development studies for modafinil (NDA 20-717) were not thought to have
evaluated MTDs (and fertility study was not conducted according to current GLP
regulations), repeat studies were conducted as part of a Phase 4 commitment and are
included here. A rat embryofetal development study was conducted with R-modafinil.

QRAL (GAVAGE) FERTILITY AND GENERAL REPRODUCTION TOXICITY STUDY OF
MODAFINIL (CEP-1538) IN RAT (Study # DS-99-002; Protocol 1503-005; report dated

‘9/28/99 conducted by . seswesss: “GLP)

Methods

Rats (Sprague-Dawley; 25/sex/grp + 6/sex/grp TK) received 0 (Vehicle), 100, 240, or 480
mg/kg modafanil orally (via gavage) either beginning 28 days before cohabitation
(maximum 21 days) and continuing through the day before sacrifice (males) or beginning
15 days before cohabitation and continuing through Day 7 of presumed gestation
(females). (According to the report, a mix-up during the first week of dosing males
resulted in the dosing solutions for the MD and HD groups being switched, but because
of the data collection system employed, the group numbers could not be changed.
Therefore, groups Il and 1V received the HD and MD, respectively, and groups are not in
the usual order in the Tables. Since dosing was consistent throughout the study, it would
not appear to be compromised.) Body weights and food consumption were recorded
during the dosing and postdosing periods. After cohabitation, males were sacrificed, and
a gross necropsy was performed, and the liver, testes, epididymides, seminal vesicles,
and prostate were weighed. Sperm concentration and motility were evaluated. Females
were sacrificed and C-sectioned on GD 20. Fetuses were examined for gross external
alterations only. Blood samples were collected from satellite rats for plasma level
determinations.

Strain: ~ *""CDBR VAF/Plus
Drug /ot 1538-DT1-1
Results

a. Mortality and Clinical Observations

Two HD males were found dead on Days 7 and 30. These deaths were
considered trmt-related due to the presence of exaggerated pharmacological
observations prior to death. One LD male found dead on D12 was attributed to
intubation error. No trmt-related female deaths occurred (1 C female found dead
on D14 and 1 MD female sacrificed on D15 due to a broken limb not T-R).

D-D increases in observations of repetitive sniffing and chewing, repetitive
licking, and hyperactivity occurred at all doses; increases in excess salivation
and repetitive scratching were seen at the MD and HD; and localized alopecia on
the underside, swollen limbs and swollen snout were seen at the HD.

b. Body Weight

Body weight gains for the entire dosage period (Days 1 to 70 and Days 1 to

termination) were significantly reduced in MD (11 and 9%) and HD males (27 and

24%) compared to C. In females, significantly reduced BW gain occurred during

the first week of dosing at the HD, resulting in significantly decreased body
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weight gain for the entire precohabitation period (D1-15: 50% below C) and
significantly decreased BWs on Days 8 and 15 of this period. BW gains were
significantly reduced on GDs 0-8 in MD (14%) and HD (23%) females. BW gains
were increased compared to C for the rest of the gestation period in these
groups, resulting in increased BW gains for the entire postdosage period (GDs 8-
20). BW gains for the entire gestation period (GDs 0-20) were comparable.

Plasma drug levels

Male TK data are shown below. In females, modafinil AUCs were 23.1, 168.1,
and 317.9 ug.h/ml on Day 1 of dosing; 22.2, 121.3, and 111.8 ug.h/ml on Day 13;
and 36.8, 72.4, and 155 ug.h/ml on GD 7 in the LD, MD, and HD groups,
respectively. Thus, concentrations of modafinil decreased markedly with
repeated dosing at the MD and HD. There were similar but less pronounced
decreases in levels of modafinil acid and modafinil suifone.

Table V.A1

Phasmacokinetic Parameters for Modafiail, Modafinil Acid and Modafinil Sulfone in
Male Rats after Oral Administration of 100, 240 or 490 mg/kg/dey

Do P ' "By 2r

™" Dose AlUCrag [om T | Alpe | Ce= Toe

(aphgiday) | (upoboimly | (uoml) | (houd) | (ngohoml) | (ngiml) | (howr)

1% %9 | 5% T "y | 108 T
240 100,7 367 i 90 1040 2
430 461 419 i 1017 Ba 4

" Modallall Aci
Day I¥ Dy 2
Dose AUCoqo’ Com k1™ AUCas’ [>== Taa

(mpcg/dey) | (sgoberal) | (ngiml) | (how) | (ugebeiml) | (pg/ml) | (hows)
100 73 EE ) 1 7 EX) 1
240 us 150 1 197 415 2
430 95.0 624 ] 389 635 2

ModaBinil Seiions
Doy I* ~ Dy P

AUCqy Con T Com T

(wg/kg/dey) | (ngobeiml) | (spmL) (how) | (ugobwinl) | (npiml) | (howr)

100 33 243 2 pA] b1 I
20 208 433 1 227 539 4
"m 1249 10354 ‘ 03 1637 s

*Dey of Adminisra )
® AUCqa, Where 1 i3 the time of the Jast sample with quantifisbie concentrations.

Male and female Reproductive Indices

There were no clear effects on estrous cycling or fertility parameters. (Tables
V.A2 and V.A3). However, while all rats mated, there was a D-R increase in the
time to mate in treated males and females (SS at HD). There were no apparent
effects of treatment on caudal epididymal sperm motility, total sperm count and
density.
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Table V.A2

TABNLE B8 (FAGE 2): WATING AND PRRTILITY - SUMNARY - Fo GENERATION RALE RATS

3 1 ™
DOSAGE  {MG/XB/DAY) o (vERICLE) 100 a0 e
RATE I CONARITATION L} k1] n 23a n
INCLUDED I8 ARALYSSS » o 21> 3 2
DAYS 18 CORABITATION ¢ NEANS.D. 1.7+ 1.0 2.6+ 2.4 2.0 ¢ 1.60 3.4+ 2.7
RATS THAT WATED & v 230108.0) 23{198.0) 231108.0) 1e(108.0)
FERTILITY INDKX o, f wn 22/3> 0/ 3/ 24/24
(L] t9%.8) (109.0) j100.0) (106.0)
RATS NETH CONPIRNED
WATING DATRS 9 - as n n 23
RATS MATING B
DAYS 2-7 e 234108.0} 224 95.4) 23(100.0) 31t 3.0
DAYS 8-14 nie} ot s.8) 1t 4.3 ot 0.0 ot e
RATH PREGRANT/RATS ¥ '
COMABITATION § u/n 22723 23/23 3/24
(L] { 95.6) [} 98
a. Excludes values for Tat 2364, which was found dead (day
b. Sxcludes values for rata that had abaormel testes and epididymides; see the individwal necropsy observations table (Tsble BI3).
c. Rastricted to rats with a confireed mating date on days 1 to 14 of cohsbitation and rats that did mot mate.
4. Includes only one mating for sach male xat.
e. Wumber of pregnsncies/nuaber of Tets that mat
£. Includes omly one pregnsacy for esch rat that iwpregnated more than one fesale rat
9. Includes only one confiraed mating for sach male rat.
h, Restricted to rate with a contirmed seting date on days 1 to 14 of wbdunthn
+¢ Signiticantly differsot from the vehicle contzol group valus (p<0 01)

Table V.A3

TABLE C10 {PAGR 2): ESTROUS CTCLING, MATING AND PERTILITY - SUNNMARY - o OESEAATION FEMALE RATS

DORME CROUP b3 n 1 v
DORAGR (WO/NG/DAY) & 8 {YENICLE} 168 W 200
RATS IN COMABITATION . s - as s 3
INCLIDES IR ANALYSES L] e 244 s 24
DAYS 1% CONADITATION @ NEAN+S.D. 1.7+ 1.0 3.0+ 1.0 2.9+ 1.8 2.8+ 4.0
1 2002
RATS TRAY MATED LI 21(100.0) 2¢200.0) 25(100.0) 241100.0)
FIRTILITY INDSX § L/ 22/23 3728 3733 24/2¢
i1 { 95.6) t 5.0 119.9) {100.9)
MATS WITR CONFIAMED
WATING DATSS » E ) L E a3
MATED. BY VIRST MALE
DAYE 3-7 "y 23(300.0) 2¢(100.0) 24(100.0) 231100.9)
DAYS 8-14 LI3H ot 0.0) ot e.0) ot 0.9) o 0.0
WATID BY SECOND WALE b
DAYS 15-21 e o 0.0 ot o el o.9) ot o.m
RATS PRECRANT/RATS I%
jow um 22/33 23/2¢ 213725 20/2¢
™ t 95.8) € 95.9% f100.0) 1200.4)

Bossge occurted on dey 1 of study throwgh day 37 of m-u-edgnunoa

Excludes valuas for rats that died or were during period.
sxcludes valvse for rot 3698; sale zat 2508 had small, purple and flsccid testes and small epididymiden
Excledes values for st 2626; mele rat 1326 had -n epididynides and testes

Restricted to rate with & confireed mating date ead rats that did not mete

Rxcledes valuas for rat 2664, Sele Tst wie fousd dead ou day 39 of study uq 2 of cohabitation)

Weabey ot pregnascies/susber of zats thet lnd

Mestricted to xete with ¢ coatirved mstisg date.

Sienificeatly different from the vehicle comtrol group value (ped.01).

ge~

spansan

e. Maternal term sacrifice parameters

No treatment effects on C-sectioning or litter parameters were apparent (Tables
V.A4 and V.A5). No T-R increases in external fetal abnormalities were apparent:
there was 1 malformed fetus in each of the C, MD, and HD groups.
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Table V.A4

TARLE C14 {PAOR 1}s - BARLY - Fo GINERATION PENALE RATS

1n

RSENANT »(e} 2t N 3 92,0 sues.s 28(199.0)

PATS PRECRART AND

CAESAREAN- S SCTIONED

O DAY 28 OF QUSTATION » 2 a3 s e

CORPORA LATTRA [~ =% N 3 27 14 2.8 10,63 2.4 143 326

netNTTICES [ EXN 5.7 2.8 6.9 2 2.3 15,82 1.7 18.2¢ 22

LITIER S1IR% NENILS.0. 0.9+ 323 15.6 s 2.2 15.2+ 1.6 4.4+ 2.4
LIVE FETUSES L 327 Rl ) n s

MEAR:S.D. 1.9 3.8 15.6 5 2.2 5.2+ L6 4.4 2.4

OEAD FRTUSES » o L] L] [ ]

RESORPTIONS WEANSS.D. 0ss 2.2 3. 0.6 s o 6.6s 1.3
EARLY ARSORPTIONS » 19 r 13 19

HEAN:S.D, o9 2.2 03 0.6 2.6 9.0 0.8 1.3

TATE RESORPTIONS ] o L] . .

DTS NITH ANY RESORPTIONS N(V) 64 21.3} 6( 26.1) 314 44.0) 10¢ 1.7

DG WITH ALL CONCBITUSES .

RENORBED n»w ot 0.0} ot 3.0) st o0 ot 0

DARE WITH VIANLE FEIUSES nw aziee.0} 13(100.00 251100.0) ast1ee.0}

PLACRETAS ADPRARED NORRAL (%) 22(100.90) 221 93.4) 2%1100.0} 241(108.0)

PACENTAE: PUSSD uisk t o9 ll ..II l' 0 D) ot i‘l’

8 mmuaylolmmﬂﬁyvd’nulr‘

b. values for pats thac 6fed or were during the

. lnel-‘n valuse for dom 3496, which m ROt have & conlirmed —n-' aate a3 wes uanlad en -lcy 37 of study (am estimeted

day 23 of gestation).

Table V.A5
TABLE C1S (PROE 1): LITIER OBSERVATIONS (CAELAREAN-DELIVERED - -n LITTERS
1 112 b3d
DOSAMIT (MO3/NO/DAY) S ¢ venicie) 160 4 248
LITTERS WITH OBE OR
NORR LIVE FETUSES " 22 2 as 24
INPLANTATIONS WEAN:S.D 1$.7s 2.8 6.8+ 2.2 18.8 s 1.7 5.2 3.2
LIVE FETUSES | 237 3k n 148
MEAN:S.D. 14.9¢ 38 5.6+ 2.2 15.2+ 1.6 104 32
LIVE MALR FETUSES L] 173 e 1 192
* LIVE NALR
TTTER HENE.8.0. $2.7 ¢ 11.4 81.4 &+ 18.0 49.3 2 1.0 44.5 & 130
LIVE FETAL BOOT NEIGNTS
(CRARS) /LITTRA NEANeS.D. 3.39 s 039 3.83 + 0.28 3.57 s 0.36 3.56 ¢+ 0.47
3}
MWALR FETUSES NEAN+8.D. 3.51 ¢ 0.39 3.62 » 0.28 3.67 2 039 3.65 ¢+ 0.%8
. = - ' 3
FENALE FETUSSS NEAN:S.D. .26 2 0.3 3.4) 2 0.2 148 0.0 3.48 2 0.44
23

( I » WRBER OF VALURS AVERAGED
Dosege occerTad om dey 1 of study through dey 7 of gestation.

I Exclvdes values for dam 2899, which did not have & contizmed mating date and was sacrificed on day 37 of study (an setimsted
day 21 of gestation).

f. Necropsy

In males, liver weights were increased (SS) at all doses, and increases in the
ratios of the weights of the testes, seminal vesicles, and epididymides were seen
at the HD (thought to reflect the reduced terminal BWs in this group). Female
liver and ovarian weights and ratios were increased at the MD and HD.

Conclusions

Two T-R deaths occurred in HD males. Clinical signs were observed at all doses (100,
240, and 480 mg/kg), and decreased BW gain and increased reproductive organ weights
were seen at the MD and HD. There was an effect on time to mating in treated animals
(SS at HD), but no other effects on fertility or on C-sectioning and litter parameters.
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B.

QORAL __(GAVAGE) DEVELOPMENTAL TOXICITY STUDY OF CEP-10953 (R-

MODAFINIL) IN RATS (Protocol 1503-010, Study # DS-03-011, report dated 2/11/03,
conducted by =, GLP)

Methods

Female rats (S-D; 25/group + 6/grp TK) were treated with 0 (vehicle), 60, 200, or 600
mg/kg R-modafinil by oral gavage (10 ml/kg) once daily on gestational days (GDs) 7
through 17. All rats were examined for clinical observations, abortions, premature
deliveries and deaths before and approximately 90 minutes after dosing. Body weights
and food consumption were recorded. Main study animals were euthanized on GD 21
and C-sectioned. Fetuses were weighed and examined for external, soft tissue, and/or
skeletal alterations (1/2 Wilson's sectioned/ 1/2 stained). Doses were based on a dose
range-finding study at doses of 200, 400, and 800 mg/kg, in which the HD was
associated with excessive maternal toxicity (deaths), increased resorption, and
decreased fetal BWs.

Strain: weneem CD(SD)IGS BR VAF/Plus

Drug lot #: 02117K2a

Results
a. Effects on the dam

No T-R deaths occurred. One C rat delivered and was sacrificed on GD 21. All
other rats survived until scheduled euthanasia. Increased numbers of rats with
localized alopecia, excess -salivation, hyperactivity, hyperreactivity and repetitive
chewing were seen at the HD. There was a statistically significant increase in
liver weights at the MD and HD. Terminal body weights, ovarian weights and
ratios of ovary weight to terminal body weight were similar among the groups.

HD dams lost weight on GDs 7 to 10 and had decreased body weight gain and
food consumption for the overall dosing period (GDs 7-18: 27% below C; Figure
V.B1). TK data are shown in Table V.B1 below. Exposure to R-modafinil was
lower (40%) on Day 17 compared to Day 7 at the HD. At the LD, levels were
below the limit of detections in most cases. -

b. Fetal evaluations

i There was a slight increase in resorption (early) at the HD (Table V.B2). -

ii. Fetal body weights were reduced (SS) in the HD group (Table V.B3) .

iii. There were increases in the number of fetuses and litters with any
alteration observed at all doses (SS at MD and HD; Table V.B4). This
increase was primarily due to increased numbers of fetuses with visceral
and skeletal variations (eg, dilation of the renal pelvis and decreased
ossification of sternal centra; Table V.B5-7).

Conclusions

R-modafinil should be considered a (selective) developmental toxicant based on
increased incidences of visceral and skeletal variations at the MD and HD and decreased
fetal BW at the HD, which also produced minimal maternal toxicity. The NOEL (60 mg/kg)
was associated with very low plasma exposures to R-modafanil compared to clinical
(AUC approximately 0.03 times expected clinical exposures at 250 mg).
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Figure V.B1

MATERNAL BODY WEIGHTS

Figue 1

Table V.B1

Table A Compesite mesa plasma concentrations (ag/mL) of R-modafinil, modsfinil sulfene and R-medafinil acid

in presumed pregnant female rats after oral doses of 69, 200 or 600 myg/kg/day for 11 days of CEP-10953
(R-medafinil) during Cephalom Study No. DS-03-011

DAY 7 Group 2: 60 mg/kg/day Group 3: 200 mg/kg/day Group 4: 608 mg/kg/day
Lime (7) EM EMA MS EM EMA MS EM EMA MS

Predose BLQ* B BLQ" BLQ" B BLQ* BLQ* B BLQ*

1 408 BLQ* BLQ 2485 206 BLQ" 5721 261 047

2 BLQ* BLQ'" BLQ 697 BLQ' BLQ' 3891 209 0.59

4 BLQ* BLQ" BLQ 1.69 035 BLQ' 735 BLQ* BLQ'

8 BLQ* BLQ'* BLQ' 081 BLQ* BLQ 6.14 033 BLQ®

24 BLQ' BLQ* BLQ BLQ* BLQ® BLQ" 743 BLQ* BLQ

Coaxy pg/mL 408 BLQ BLQ 2485 206 BLQ 5727 261 0.59
tom B 1.0 - - 1.0 1.0 - 1.0 10 20

AUCy., pgsheml. 20 0.0 0.0 420 2.4 0.0 258.5 6.4 08 ]

DAY 17 Graup 2: 68 mg/kg/day Group 3: 200 mg/kg/day Group 4: 600 mg/kg/day
Timg (hr) &M kM4 M3 EM EMA M5 EM KMA MS

Predose BL BLQ* BLQ BLQ* BLQ* 021 083 BLQ" BLQ

1 424 032 BLQ' 1582 16 BLQ' 2379 248 0.32

2 160 BLQ' BLQ ‘838 085 BLQ* 2558 219 0.78

4 BLQ* BLQ* BLQ" 751 110 BLQ* 19.21 190 0.24

8 BLQ* BLQ' BLQ' 100 BLQ* BLQ' 44 122 0.63

24 BLQ* BLQ* BLQ" BLQ* BLQ'* BLQ" BLQ* BLQ* BLQ*

Cinao ng/ml, 424 0.32 BLQ 1582 163 BLQ 2558 248 0.78
taw Br 1.0 1.0 - 1.0 1.0 - 20 10 20

|_AUCy, pgebr/ml. 5.0 0.2 0.0 529 40 NC 149.1 13.9 35

R-M— R-modafinil; R-MA — R-modafinil acid: MS - modafinil sulfone;
* BLQ - below the limit of quantitation (Although the assay limit of quantitation was 0.20 pg/mlL., the effective lower limit for
these samples was 0.40 pg/ml., due 10 the Jow sample volume and the resuitant nced for & minimal 2-fold dilution.)

Appears This Way
On Original
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Table V.B2

TABIE 8 (PAGE 1): « STOARY
DOSAGE GROUP I II IIr Iv
DOSAGR (MG/KG/DAY) & 0 (VEHICLR) 60 200 €00
RAT9 TEITHD » as as s a8
PREGMANT Wy 22{ 88.0) 23( 92,0) 23¢ 92.0) 24¢ 95.0)
DELIVENSD AND SACRIFICED N({%) 1 4.3 of 0.0) ot 0.0} o{ 0.0
RATS PARGOUET AND
CARGAARAN-SECTIOMED
O DAY 11 OF GEQTATION » 2 a2 3 4 -
INCLUDED IR ANALYSES ] W 21» 3 24
CORPORA LUTBA MEAR2S.D. 15.22 1.0 16.5 ¢ 2.0 6.2 2 2.0 6.3 23
INPLANTATIONE MEANLS.D, 13.9¢ 2.3 4.7 2 1.7 412 2.3 1.3 ¢+ 2.0
LITTER SIZKS MEAXLS.D. 13.42 22 4.2 A6 1342 2.5 3.1 2.0
LIVE FEITUSKS » 267 29 308 ns
MEAN:3.0, 3.4 22 14.2 ¢ 1.6 3342 2.8 13.12 2.8
DEAD PEIUSES » ] o 9 L]
REAORPTIONS MEANSS.D. 0.6¢ 0.6 ¢4z o0 0.7 2 1.3 0.0 0.9
EARLY RESORPTIONS n 10 9 T 1s 1
MEAN:S.D. 8.5z 0.8 .42 00 0.6 x L. oz 0.9
LATE RESORPTIONS o EY e 1 1
MRANAE.D. .0z 0.2 8.0 00 0.0 3 0.2 .0+ 0.2
DANS WITH ANY RESORPTIONS  M(W) 10{ 30.0) 6{ 28.¢) 7" 30.8) 121 S0.0)
DAMG WITH ALL CONCEPIUSES
‘ER9CRAED sy ol 0.0} ef 0.0} o{ 0.0) ot a.0)
DAKS WITH VIARLE FPETUSRS u{e) 20{100.0} 21{100.0) 23{100.0) 24(200,0)
PLACENTAR APPEARED MORMAL  N({%) 20{100.0} 21{100.0) 23{100.0) 24(100.0)
&. Dossge cccurred ca days 7 through 1* of gestation.
b. Bxcludes values for Jitters that comsisted of two or less fetuses or all early resocptions.
Table V.B3
TABLE 9 (PAGE 1)1 LITTER DELIVERGD -
DOGAOR GROUP I I Ixr v
DOBAGE (MG/KI/DAY)a o (VERICLE) 50 200 (1]
LITTERS WITH OME OR
HORE LIVE VETUSRS » 21 22 23 "
TWCLUDED IN AMALYSES » L 21 23 2¢
INPLANTATIONS MEAN:8.D. 1.9+ 3.3 14.7¢ 1.7 4.1 2 23 13.%3 2.0
LIVE FETUSRS » 267 99 30 318
MEANSE.D. 13.42 2.3 4.2 1.6 13.4: 28 .1 2.0
LIVE MALE FETUSES » 13s 152 148 1351
S LIVRE MALR
PXTUSES/LITTER MERMS.D. 52.1 ¢ 153 51.0 + 16.0 47.9 ¢ 16.8 47.8 2 16.6
LIVE PETAL BODY WBIGHTS
{GRANS) /1.ITTER MEANS.D. 5.%0 ¢ 0.3% 5.47 z 0.2¢ 5.46 2 0.26 5.2% 2 0.30¢*
MALE FRTUSES WEANLE.D. 5.6 ¢z 0.24 S.65 3 0.22 5.66 2 0,34 $.40 £ 0.21+
FEMALE FXTUBRS MEAN4S.D. 5.35 3 0.24 3.20 ¢ 0.30 $.26 ¢ 0,23 S.18 2 0.12
% RESORSED -
CCUCHPTUSES/LITTRR REAN:S.D. 3.8 42 2.7z 5.1 5.0 9.¢ 5.5 6.2

a. Dosage ocourred on

b. Excludes values for litters
** Significantly differsnt from the vekicle control group valus {p<0.01) .,

days 7 through 17 of gestation.
that coaxisted

of two or less fetuses or all early rescrpticns.

Appears This Way
On Original
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Table V.B4

TABLE 16 (PAGE 1}: FETAL ALTERATIONS - SUMMARY

DOGMGE GROUP T Iz Iz v
DOBAGR  (MO/KJ/DAY) a 0 (vEMzCLE) 60 200 00
LITTERS RVALUATED = bl n 23 24
YEIUSRS RVALUATED * 269 300 o8 318
LIVE % 269 300 308 ns
LITYERS WITH FETUSES WITE
ANY ALTERATION (REERVED ®iY) 4{ 13.0) 7.8 1t 47.8) 11¢ 45.8)
WITH ANY
CDSERVED ne 4 1.5 at 3.7 16{ 5.2)ee I8¢ S.7)er
% PETUSES WITH ANY
ALTERATION/LITTER KEANES.D. 1.5 3.t 6.8 ¢ 2.2 5.02 6.4 342 7.2
a. Dosage occurred oo days 7 through 1t of gestation.
** Significantly different from the velicle control group value (p<0.01).
Table V.B5
TABLE 11 (PAGE 1): FETAL GROSS KITIRNAL ALTERATIONS - SUNMARY
DOSAGR GROUP 1 1T foed v
DORAGR {MG/X3/DAY) & 0 (VERICLE) *© 200 €00
LITTERS BVALUATED " E2) 22 23 24
FETUSES EVALUATRD » 269 300 308 3315
LIve 4 269 300 308 ns
HISOLINAS; ROTATID MEDIALLY
LITTER INCIDZNCE u(V) ot 0.0) o{ 0.9} 1 4.3 a( 0.0}
PRTAL INCIDENCE vl 0¢ 0.0} 8l 0.0) 1{ a.3) 6¢ 0.0}
BODY) EDEMA
LITTIR INCIDENCE () ¢t 0.0} 2t 9.1} 1 4.3 ol 0.0}
FETAL DXCIDENCE nis) ot 0.0) 2{ o0.7ib i 0. ol 0.0}
TONGUR:  PROTRUDRD
LITYER INCIDEMCR LU 0t 0.0} 1 4.53 ot ¢.0) 0f 0.0)
FRTAL INCIDERCE 157 ol 0.0} i 0.3 o{ 0.0) o 2.0
JAN:  NICROGRATRIA
INCIDENCE Ny of 0.0) 1{ 4.5} ot 0.0) ot 0.0)
FETAL INCIDENCE u(v} o¢( 0.0) 3 0.2 ot 0.0 ot 0.0}
BOUY:  ELONGATED
LITTER INCIDENCE (%) of 0.0) 1t 4.5} o( 0.0} o 5.0
PETAL INCIDENCE uiw) .ot 0.0 1¢{ o0.3)b o¢ ¢.0) ot 0.0)
&. Dosage cccurred on days 7 through 17 of gestation,
b, Fetus 10041-1 had other gross extersal alteratioms.
Table V.B6
TABLE 12 (PAGE 1}: FETAL SOFT TISSUR ALTERATIONS - SIMMARY
DOBMGE GROUP I 1z mx v
DOSAGE (WO/X0/TAY)a 0 {vENICLE) €0 200 %00
LITTIRE KVALGATED N n n 22 2¢
TETUSES EVALUATED » 129 144 17 151
1IVR n 129 14e 47 s
KYES: NMICROPHTHALNIA
LITTER INCIDENCE L 134) i 4.8 ot 0.0} ol 0.0} of 0.0
PETAL INCIDEWCE nix) 1 0.8 ot 9.0} ol 0.0) ot 02.0)
XYRS: XETISA, FOLDED
LITTER INCIDENCE u(s) ot 0.0) ol 0.0 at 0.0) 1M 4.2)
FETAL INCIDEWCE ny) o( o.0) ot 0.0) ot o.0) i o
HEART: PERICARDIAL SAC, LARGE .
INCLDENCE wiv) %{ 0.0) o{ 0.0) 1( 4.3) of 0.0
PETAL INCIDENCE w{s) ot 0.0) ot 0.0} it 0.7 of 0.0)
ARTERY T0 TRE LEFT CF URINARY BLATCRR
LITTER INCIDERCR p{12] ¢{ 0.0} 2{ 2.%) 3¢ 13.0) i ¢.2)
FETAL IECIDRNCE niv) ot 0.0} 2¢ 1.9 3t 2.00b i omn
LONGS: LRFT, LOBE ABGENT
IRCIDRNCE »{® ot 0.0} ot a.0) ot 0.0) 1 4.2
VETAL INCIDENCE 2{%) o( 0.0) o{ a.0) at 0.9 1{ 0.7
KIDMEYS: PELVIS, SLIGHT
LITTER TRCIDENCE L1582 e( 0.0) ot 0.9 ot 0.9} i 8.3}
PRTAL INCIDENCE nis) °o( 0.0) of o.m of 0.0} 3t 2.0)e
KIDNRYS: FELVIC, MODERATE
LITTER IXNCIDERCR N o( 0.0 at 0.0 ot a.0) 1 4.2)
TRTAL INCIDEICE x(%) o( 0.0) a{ 0.0) ot 0.0) i o.m




Table V.B7

TABLE 13 {PAGE 1): FETAL SKHLETAL ALTKRATIONS - SUMMANY

DOSAGE GROUP
DOSAGE (13/K0/DAY}a

T

0 (VEWICLE)

LITTERS EVALUATED n k33 22 23 kL]
FRETUSES EVALUATED n 110 156 161 164
LIvVR " 140 156 1€1 164
SXULL: MAXDIRLRES, SHORY
LITTER 2w ot 0.0) 1l 4.9 a( 0.0} 9{ 0.0)
FETAL INCIDENCE ny) of 0.0) il 0.6} 6( 0.0} ol 0.0)
CERVICAL VERTEBRAR: CERVICAL RIB PRESENT AT 7TH CERVICAL VERTERRA
LITTER INCIDENCE B{%} 1{ 4.0 1 4.5 3{ 13.0) 1{ 4.2
FETAL INCIDEKCE nivy ¢ o.M 1{ 0.6} s{ 3.1}c,d 1 0.6
CERVICAL VERTEERAE: ARCH, INCOMPLATELY OSSLFIRD
LITTER IRCIDRNCE Hs) o( 0.0) o( 0.0) 20 .7} o{ 0.0)
FETAL INCIDENCE v o( 0.0) o{ o0.0) 2l l.3)c ol 0.0
THORACIC VERTEBRAR: CENTROUM, BIPID
INCIDENCE u(v) 1( 4.8) 3{ 13.8) 3{ 13.0) 1{ 4.2
FETAL INCIDENCE iy 1( 0.7) 3¢ 1.9n 4 2.9 i 0.6
RIBS: SHORT
LITTER INCIDENCE ) 1( 4.9) at 0.0) i 4.3 2t L.
FETAL INCIDENCE b 14 ¢ 0.7 ot 0.0y 3{ 1,9¢c.d 2¢ 1.2
STRRMAL CENTRA: ¥ OSSIVIED
LITTER ny) o( 0.0 at .1 M 4.9) s{ a0.8)
FETAL INCIDENCE b (L o( 0.0) 2( 1.)b 2{ 1.2) T 4.))arr

[
a(

4.2)
o.¢)e

d on days 7 ugh 1Y of

sy

Dosage
Petus 10044-5 had othar skelatal alteraticns.
Vetus 10056-3 had other skeletal alteratioms.

Potuses 10036-5 and 10056-7 had other skaletal alteraticns,
Fetus 10096-7 had other akeletal alterations.

. Significantly different from the velicle control group value {p«0.01).

C. ORAL (STOMACH TUBE) DEVELOPMENTAL TOXICITY STUDY OF CEP-1538 (CN-
801) IN RABBITS (Protocol 1503-007, Study No. DS-01-018; report dated 7/17/02,

conducted by

1. Methods

Timed-mated female rabbits (New Zealand White; 20/grp + 4/grp TK) were treated with 0

= , GLP)

b4}

" (vehicle), 45, 90, or 180 mg/kg racemic modafinil by oral gavage on gestation days (GDs) -

6 through 18. Does were observed for viability, clinical signs, premature deliveries and
deaths before and approximately 90 minutes after dose administration. Body weights and
food consumption were recorded during the dosing and postdosing period. Blood
samples for TK determinations were collected at 0.5, 1, 2, 4, 8 and 24 hours after dosing
on GDs 6 and 18 and predosing on GD 18. Main study does were sacrificed on GD 29
and C-sectioned. Numbers of corpora lutea were recorded and uteri excised and
examined for pregnancy, number and distribution of implantation sites, early and late

resorptions and live and dead fetuses. All fetuses were examined for gross, soft tissue,

and skeletal alterations.

Strain: New Zealand White —-(NZW)SPF)
Drug lot #: lot 1538-DT1-1
2. Results
a. M effects

Two LD does died on GDs 15 and 16, but these were not considered T-R. Two
MD and 1 HD doe aborted on GDs 26, 27, and 20, respectively. It is not clear
whether these were T-R. The fetuses from the MD does were said to be normal
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for gestational age, while HD doe had 10 resorptions (5 early, 5 late). Clinical
observations included: excessive sniffing, chewing, licking and grooming at all
doses. As a result of the excessive chewing, licking and grooming, a significantly
increased number of HD does had ulceration on the neck or paws and scabbing
on the paws, nose, neck and back. There were no T-R necropsy observations.

BW gain was significantly decreased during the overall treatment period in the
HD group (mean change GDs 6-19: 0.03£0.24 vs 0.28+0.11 in C; Figure V.C1).
Food consumption values were also significantly reduced in this group.

TK data from satellite animals are shown in Table V.C1 below. Unlike the
situation in rats, there was not much decline in parent levels over time. But
exposures at the HD were still only a little higher than typical clinical exposures.

Table V.C1

Table A Estimated Mean Pharmacokinetic Parameters (1 SD) for Madafinll, Medafinil
Acid and Modafinll Suifome afier Oral Administration of 45, 9¢ or
mﬂﬁnythuMCWHdM

Dose Sweiwdey | ovmgghey | 150 mp/ky/dny

Medafinil
Parameter Day6® Day 13* Day 6 Duy 18 Dey$ Day 13
Cosepghml. | 9662512 | 13.3924.56 | 22094553 | 19.772 215 | 368221062 | 37.822 103
e IO 20414 Lot07 ENE IR ] 23213 45%25 25217
AUCy, pgobeiml. | 9.0£162 | 4242153 | 905£344 | 779:346 | 21902687 | 20332454
Medatinll Acid
Parsmeter Dey 6 Day 13 Day ¢ ‘Day 18 Day 6 Duy 18
Copeprpfml, [ 4758222 | 5302260 | 13942395 | 7702216 | 12422096 | 12.6023.00
[ 19215 1.0£07 31218 19%15 3315 15217
AUCsuppohe/ml. | 136235 | 101433 | 4402144 | 08256 | 7252124 | 462192
Modaflall Sulfene
Parsmeier Bey 6 Day 18 Dey 6 Day 18 Dey 6 Day 18
Coum npfml, 1LRA+0T7S | 2052038 | 36421003 | 2772015 | s972342 | s3szomm
- 4525 15306 35¢10 30212 | ssz30 40200
AUCsomgodemll. [ 54215 | 55225 160490 | 121265 | 3202170 | 314486

'Dnytdmshyld‘duhg;lhylSofiuhﬂuaDnyl:’dMq

Appears This Way
On Original
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b. Developmental effects

i. Resorptions were increased and live fetuses reduced in the HD group
(Table V.C1).

ii. There appeared to be a slight decrease (NS) in fetal BWs at the MD and
HD (Table V.C2). The failure to see a strict dose-relationship was
probably due to the increase in early resorptions at the HD.

jiil. Numbers of fetuses and litters with any alterations were increased at the
HD (Table V.C3). The majority of fetal alterations occurred in 1 C litter
(7110; 7 malformed fetuses) and 1 HD litter (7168; 10 malformed
fetuses), each with several fetuses with multiple malformations of the
type typically seen spontaneously. Litter 7110 had 6 fetuses with cleft
palate and 7 with flat ribs. Litter 7168 had 9 fetuses with open eyelids
and fore and hindlimbs rotated medially, and 7 with fused digits on the
fore and/or hindlimbs. However, when these two litters were excluded or
the number of litters with malformations and the number and severity of
malformations were considered, skeletal malformations and some
skeletal variations appeared to be increased slightly at the HD (Table
V.C4-6).

Fetuses with skeletal malformations consisted of 9 C fetuses from 3/20
litters (7110-3, -4, -6, -7, -8, -9, -10 with bilateral flat ribs and skull
malformations; 7109-7 and 7114-4 with misaligned vertebrae); 3 LD
fetuses from 3/17 litters (7129-7, 7138-4, 7140-5 with misaligned
vertebrae); 2 MD fetus from 2/17 litters (7158-10 with fused thoracic
centra and ribs, 7151-1 with misaligned vertebrae); and 13 HD fetuses
from 4/17 litters (7166-10 with hemivertebra, fused and split ribs, and 11
total ribs; 7171-2 with hemivertebra, small thoracic arch, fused vertebral
centra, small rib, fused and split ribs, 11 total ribs, and fused lumbar
arches; 7167-3 with a bilateral flat vertebral arch; 7168-6 with
hemivertebra; 7168-1, -2, -3, -4, -5, -7, -8, -9, -10 with fused phalanges
and/or short/small tibial bones).

The variations fusion of the manubrium to the 1st sternal centra and/or
fusion of the sternal centra occurred in 1, 4, 0 and 13 fetuses from 1/20,
3/17, 0/17 and 4/17 litters in the four respective dosage groups. 10 of
these HD fetuses were from litter 7168.

Conclusions

Resorptions were increased in the HD (180 mg/kg) group, resulting in a reduced number
of live fetuses, and there appeared to be a slight decrease (NS) in fetal BWs at the MD
and HD. An increased incidence of fetal alterations (malformations and variations) was
found in the HD group. This was attributed by the sponsor to 1 litter with similar
alterations which were considered congenital and not T-R. One litter also contributed
most of the alterations in the Control group. However, when these two litters were
excluded or the number of litters with alterations or the number and severity of
maiformations were considered, skeletal malformations and some skeletal variations
appeared to be increased somewhat at the HD. The HD was minimally maternally toxic,
reducing maternal body weight gain somewhat over the dosage period, but not
excessively. Therefore, based on these data, modafanil should be identified as a
developmental toxicant, primarily based on lethality, which could have masked a more
obvious teratogenic effect. The MD (90 mg/kg) can be considered a NOEL for adverse
effects on embryo-fetal development.



Figure V.C1
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Table V.C1
TANLE 8 (PG 1)1 - SRy
DOSAGE GROUP T P+ 43 w
DOSAGR (MG/KG/DATIa 0 (VRHICLE) 5 £ 10
RANDITS TESTED » 20 20 20 20
PREGRAT L] 20(100.0) 19( 5.0} 19( 35.0) 10¢ 90.0)
POTMD DEAD iy} ¢ 0.0 a1 10.:) o( ©.0% e( 0.0)
ABORTED AXD SACKIZICED  M(V} 9( 0.0} of 0.0 2( 10.5) U 5.6
RANMITS PREGKANE AND
CARSAREAN-SECTIONRD
M DAY 29 OF GESTATION » 20 17 17 14
CORRORA LUTEA SRANSS. D. s.6s 21 0.5 3.3 .93 1.4 3.9: 1.8
INSLANTATIORS MEAN28.D, . %.0s 1.9 262 2.1 92 L6 S8 1.8
' LITTER SIZ8S MEANAS,D. 883 2.0 9.0 2.0 [ YO X 7.6 2.4
LIVS FETUSKS » 170 182 ue 130
NEANS.D. 85 2.0 5.0t 2.0 552 LS .62 1.4
DEAD FRTUSES . ° 0 ° °
RESCRFTIONS MKANSS.D. 0.3 ¢ 0.9 0.6s o.9 0.6e 0.3 122 22
TRLY RESCRPTIONS » 3 15
MAN36.D. e.z: 0.4 0.5 0. 0313 o3 0.9 2.0
LATE RESOSPTIONS » ? 3 F s
MEANLS D, 0.6 0.9 0.2: 0.4 0.1s 0.3 034 o7
DORS WITH ANY RESORPTIONG  M(%) 64 30.0) 7 61,2} 7t Q.2 ot 47.0)
DOLS WITH ALY COMCEPIUGES
RESORIED nu o¢ 0.0} ot 0.0} ot 0.0} ot 0.0
DOKS WITH VIANLK FRTUSES  M(V) 201100.0) 17(100.0) 174100.0) 17{100.0)
PLACKNIAK AVFEARID NOWRAL ~ N(%} 20(200.0) 17(100.0) 27(100.03 17(100.0)
3. Dosage occurred on days 6 through 18 of gestation.
Table V.C2
TAME 5 (WGE 1) LITTER - SRy
- DORAGE GROUP 1 e n: 1w
DOSAGE (MG/RG/OAY)a o (vameLm as 0 100
LITTERS WITH OKE CR
NORE LIVE FETUSES ] .20 17 17 17
INPLANTATIONS w80, .03 1.9 262 22 832 1.6 3z 1.8
LIVE yeTUSES = 170 15 244 10
2206280 853 2.0 202 2.0 852 1.3 7.6 2.4
LIVE MALR FETUSES " 13 [ 10 ”
+ LIVE s
HEAN5.D. 53.8 4 15.7 51.0 ¢ 126.0 742 100 7.1 2 10.9
FETAL BCOY WRIGHTS
(ORANS) /LITTER ~ NEAN:S.D. €0.36 ¢ ¢.62 @382 5.03 ITT 2 S48 3938 2 5.0
WL FEIUSES N8 D. a.70 s s.a2 41,66 2 5.37 .54 2 576 9.7 2 5.0
FRALE FATUSES  KEAMS.D. 8.9 2 4.7 40.78 & 5.27 37.56 & 5.50 1837 2 s
¥ FESORED
CONCEPTUSES/LITTSR  MEANsS.D. 5.6 3 10.2 €33 8.7 442 5.5 1.2 210

a. Dosage occurred oo dwys § through 19 of gestatiom.
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Table V.C3

TABLE 10 {PAGR 1):

FRTAL ALTERATIONS - SUMMARY

Table V.C4

DOSAGE GROUP I Iz padd v
DOSAGE (NG/XG/DAY}a 0 (VEHICLE) 45 90 160
LITTIRG BVALUATED » an 17 17 17
VETUSES BYALUATED ) 170 153 144 130
LIVR n 170 153 144 130
LITTESRS WITH m WITH
ANY ALTERATION n{s) 10( 50.0) s{ 42.1) 9¢{ 52.9) 312( 70.5)
TETUSES NITH ANY ALTERATION
OBIRRVED niv} ¢ 12.¢4) 3¢ 8.3) 10! §.9) 27{ 20.8)*
' FETUSES WITH ANY .
ALTERATION/LITTER WEANLS.D. 11.5 » 9.2 9.1 & 23.3 7.1+ 7.3 31.9 + 293
a. Dosage occurred on days € through 18 of gegtation,
e muantly different from the vehicle control group wvalue (p<0.01).
TABLE 11 (PAGE 1): PFETAL GROSS RYTEMNAL ALTERATIONS ~ SUMMARY
(See Footnotes on the last page of this table.)
I Ir 11z ™
DOSAGE (NG/RI/DAT)a 0 (VERICLE) 45 0 10
LITTERS EVALUATED » 20 17 17 17
FEIUSES EVALUATED . 170 153 a4 130
Ve » 170 183 144 130
BYES: LIDS OVEN
LITTER INCIDENCE it} 0t 0.0} of 0.0y o{ 0.0) 1( s.9
FETAL INCIDENCE niv) a{ 0.9) ot 8.0} o{ 0.0) 9 €.9)%*h-0
FORR AND/OR NIMDLINES: FUSED DIGITS
TRCIDEWCE u(e) o{ o.0) ol 6.0) a{ o0.0) 1{ S5.9)
FETAL TNCIDENCE nis) ot ©.0) a{ 0.9 of 0.0) 7 5.4)**h-j.1-0
FORE AND/OR HIMOLINAS: ROTATED MEDIALLY
INCIDENCE e 3 5.8 8 0.0 ol ¢.0) i 5.9
FRTAL INCIDENCK =) 3 1.md-2 of 0.0 of o0.0) 3 6.9)%%h-0
PALATE: CLEFY
LITTER INCIDENCE ns) i{ s.0) ol 2.0) of 0.0) ol 9.0)
PETAL DNCIDENCE s} $( 3.5)b.ceg of 0.0) ol 0.0) or 6.0
TONIUR:  SMALL
LITTER INCIDEKCE sy 1{ s.9) o( 0.0) o({ 0.0} of 0.0)
TETAL INCIDENCE "s) 7{ 4.1)b-g of a.00 o( o.0) or 0.0)
TONGUE: IRRBGULAR SNAFE
LITTER INCIDENCE ne) 1{ $.9) ol 8.0} 9t ©.0) of 0.0)
FETAL INCIDENCE ") 4( 2.4)b,4-t of o0.0) ol e¢.0) e{ 0.0)
PORE AND/QR HINDLINBS: FLEXED DOMIMARD
it} 1 s.01 o( 0.9) of e.0) of 0.0)
FETAL DICIDENCE v} 30 1.41d-2 o{ 2.3) ot 0.0} ot 0.0}
HEAD: DONED
LITTER INCIDEWCE w{v} 3{ 5.0} 0{ 0.9) 0¢{ ©.0) ol 0.0)
FEDAL INCIONNCE (L)) 2( 1.2le, £ of 0.0) of 0.0) ot 0.0}
a. occurred on days 6 through 18 of gestatiom.
b. had other gross exteroal alterations.
c. had othexr gross sxternal alteratiocns.
a4, had other grosa external alterations.
. had other groas external altsratiocns.
L. had other gross external alterations.
g. 0 had other gross external alteratiocos.
h. bad other gross sxternal altezatiocus.
1, had other gross extermml alterations.
3. had other gross axternal alterations.
k. had other groas external altsrations.
1. had other gross extersal alterstions.
n. had other groes external altsrations.
n. had other groas external alterations.
o, PFetua 7164-9 had othex groes external alteraticns.
Lad llgﬂ!lmlv different from tha vehicle control grap value (p<0.01).
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Table V.C5

TAMLE 13 (PAGE 1): FETAL SKELETAL ALTERATIONS -
{200

STORY
footnotes on the last page of this table.)

DOSAGE GROUP bY I e bt
DOGAGE (NG/X0/DAY)a o tvexrczs) e 20 100
LITTERS EVALUATED » 20 17 17 17
FETUSES EVALUATED » 170 183 14 130
LIvVE ¥ 170 153 146 10
SKULL - IRERGULAR OGSIFICATION:D
(SUNARISATION GP ALL TRREGULAR OSSTFICATION
OF TN SEULL ©; INDIVIDUAL SUBCATNOORIES
CITED BEZOW)
LITTER INCIDENCE - (%) &1 30.0) 3( 17.6) 1 5.9 4l 23.3)
FETAL TMCIDENCE iy 7H e 3 2.0 Pt s 3.8)
SKULL: NASALS,
{BUMKARTIATICN OF WIDLIKE SUTURE DIGPLACED; INTRAMASALs
FUSED;
LITTER INCIDENCE i) o 20.0) 1 5.9 1 8.9 2({ 11.9)
FETAL INCIDRNCE w) s 2.9 1 0.6) 1 0.7 3 am
SXULL:  MASALS, MIDLINE SUTURE DISPLACED
LITTER vy 2( 20.0) of 0.0) of 6.0 af 1.
STTAL INCIDENCE nE) 2 1.2) ol 0.0y 9 0.0} I 1 1]
SKULLt NASAL, CONTAINED AN INTRANASAL
LITTER ") 1 s.0) o( 0.0 ot 0.0) of 0.0)
YETAL INCIDENCE FY) i 0.8 ot 0.0 ot 0.0) of o.m
SXULLI  WASALS, FUSED
LITTER TNCIDENCE L) U 5.0 14 5.9) of 0.0) of 0.0}
FETAL TNCIDRNCE e 1 0.8 1 0.8 °f 0.0) o{ 0.0}
SEULL:  WASALS, an N
LITTER INCIDENCE 04 of 0.0) et 8.9 1 5.9 ot 0.0
FETAL INCIDEWCE %y of 0.0} of 0.0 U 0.7 of 0.0)
SXULL: WASAL - FROMTAL, ISNNOULAR SUTORE
LITTER INCIDENCE u( 1 s ot 0.0 o( 0.0 o( 0.0}
FRTAL THCIDEWCE u(t) 1 0.8 ot 0.0 ot 0.0) ot 0.0}
KL
or
LITTER DRCIDENCE (e} 1( 5.0) at 1.0 ot 0.0 1 5.9
FETAL TNCIDRNCE (o) i 0.6 a( 1.3) ol o.0) 2 o.@
SEULL: FROMTAL, COMTAINED AM TWTSATACMTAL
LTI we) ot 0.9 1 5.9 ot 0.0 of 0.0)
FETAL INCTDENCE i) of 0.0 i 0.6 ot 0.0 of 0.0
EXTLL:
LIITER INCIDEECE »iv) 1( 5.0) i 5.9 0o¢ 0.0) i 5.9
FETAL TNCIDENCE nwy 1 0.6 1 0.6) o¢ oo 1 osim
SKULL: PARIETAL, COMTATSED A NOLE
LITTER n(vy 1 s o 0.0 ol 0.0) 1 s
FETAL TNCTOSWCE niv) 1 o.6)g of 0.0) ot 0.0} 10 o.siw
SKULL: FPALATE, INCOMPLETRLY OSSTPIED
LITTER: wiv) 1 8.0 ot 0.0) ot 0.0) of 0.0
PETAL INCIDENCE (v} LR TRY ol 0.0 o1 0.0} o{ 0.0
SKULL:  ANTERION POWTAMELLE, LARGE
LITTER INCIDEACE niv) i s.0 of 0.0) of o.0} of 0.0)
FETAL DRCTDENCE Y at 1.2)g.h ot o.0) of o.0} o{ 0.0)
SXULL:  EYR SOCXEY, BALL
L33 1 5.0 o1 0.0) ot 0.0) of 0.0)
FETAL THCIDENCE P 1 e.6n ot 0.0 ot 0.0) ol 0.0)
XYOID:I ALA, AWGULATED '
LITTER InCIDENCE ey 21 10.0} 1 5.9 2 u.m 2t 11.:
FITAL INCIDENCE niv) 2t 1.2 1 0.6 2t 1.0 EIrEY
LITTRR INCIDENCE v o( 0.0 o( 0.0 ol 0.0 2t 11.m
yETAL IHCIDONCE uts) of o.0 ot 0.0 ot 0.0} 2t 1302
THORACIC VERTEBRAR: ARCH, SNALL
LITYER INCIDENCE ey ot 0.0) ot 0.0 of 0.0 1 5.9
PETAL INCIDENCE »iv ol 0.9 ot 0.0 ot 0.0) Yy in
THORACIC VERTEREAR: = CEWTSA, FUGED
LITTER »v) of 0.0 ot 0.0 1( 5.9 1( 5.9
FETAL TACTDRNCE »e) of o.0) ot 0.0 oM i o=
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Table V.C5 (cont.)

ARCHES, FUSED

LITTER TNCIDEWCK niv} e¢ 0.0) o¢ 0.0} ot 0.0) i 3.9
FETAL DNCIDENCE e ot 0.0 o( 0.0) ol ¢.8) i o0.8)s
LUNBAR VERTERRAR:; ARCH, PLXT
LITTER e ot 0.0} ol 0.0) of 0.0 it 5.9
TETAL INCIDENCE ) of{ 0.0} ot 0.0} o 0.0 i{ o.mo
LUMBAR VERTERRAR:
LITTER n e{ 0.0} at 0.0} o 0.0} 1{ 8.9
FETAL INCIDIDCE ne) et 0.0) ol 0.0} ot 0.0) i o.0n
CAUDAL VERTEBRAK: MISALIGMED
LITTER INCIDEWCE LI 2t 10.0) 3( 17.6} i 5.9 i 5.9
TETAL INCIDERCE wiv) ¢ 2. ¢ 2.00x 1{ 0.9 i o.m
RINS: WIAT
LITTER INCIDENCE R i 5.9 ot 0.0) ol 0.0) ot 0.0)
FETAL INCIDENCE wie) 7t 4.1)4-4 ot 0.0) ot 0.0) ol 0.0
RIBS: SMALL
LITTER TMCIDENCE wis) of{ 0.0) of 6.0) of 0.0} i 5.9
FETAL INCIDENCE ne) of 0.0) ol 5.0) ot 0.0) it .0
RIS
LITTER INCIUNNCE ot 6.0 ol 0.0 1 5.9 a( 12.9)
FETAL INCIDEWCE ot o.0) o 0.0 i o.M 2t 1.5in,m
s swrr )
LITTER DCIDEWCE =%} e{ o©.0) ot 0.0 ot 0.0) 2{ 12.8)
FETAL INCIDENCE ®(s} ot 0.0} o{ 0.0} ot 0.00 2{ 1.5)n,»
RIBS: 11 PRESENT
LITTER INCIDIDICR wis} of 0.0 o( 0.0 at 0.0} 3¢ 1.
FRTAL INCIDENCE nis) el 0.0) o( o0.0) ac¢ a.0) 2{ 1.5)a.3
RING:  THICHEMED
LITTER INCIDRWCE niy) 0¢ 0.0} ot 0.0} of 0.9) i 5.9
FETAL INCIDENCE (%) of 0.0) o 5.0 9 0.0} i 0.0)m
KANCRRIUM: FOSED
LITTER INCIDENCE n(s) ot 0.0 o( 0.0} at 0.0) ¢ 5.9
FETAL INCIDENCR w3 o 0.0) ot 0.0) ol 0.0) al 11)p.ger
wy
STIMEAL CINYRA: FUSED
LITTER INCIDOICE v it 5.9) 3 17.6) ot o.M 4( 23.8)
FETAL INCIDENCE b {10 it 0.%) o 2.8 ot 0.9 13¢ 10.0)0-g°*
ToX, &
STERNAL CENTRA: ASTMIXTRIC
LITTER INCIDENCE n(s) ot 0.0) i s.9) o( 0.0) ot 0.0}
FETAL INCIDDKCE k(1 1] ot 0.0) it 0.3 o( 0.0 ot 0.0)
STEMNAL CEWTRA: INCOMPLETELY OGSIPIED
LITTER INCIDENCE i) o{ 0.0) 2¢ 11.0) o[ 6.0 i 3.9
FETAL INCIDRWCE L {47] el ¢.0) 20 1.3)3.k o 0.9 i{  o.8)
PRLVIS: PUSES, NOT OSHIFIED
LITITER INCIDEWNCS niv} 0t 0.0) of 0.0) i 5.3} o( 0.0
PETAL INCIDENCE nis) 8¢ 9.0) of 0.0 i 0.7 ot ©¢.0)
IIRDLDNE: TIBIA, SNOKY
INCIDENCE n(s) of 0.0} of 0.0} ol 6.0 i s5.9)
TEIAL DNCIDENCE (s} o{ o.0) of 0.9) of o0 T S.4)p-s,ee
..y
ITHOLYMS:  PRALANGRS, ’
LITIER INCIDENCE n(%) ol o.0) o{ 0.0) of o.0) it 5.9
FETAL DICIDEICHE R 11 ot 0.0) o 0.0} o{ 0.0) 2{ 1.8)pq
HINDLIND: TIDIA, SMALL
INCIDRNCR n(y) of{ o©.0} ot 0.0) ol 0.0) it s.»)
FETAL INCIORNCE (s} o 0.0) ot 0.9} of 0. I 2 qExre
WINDLINS: TIBIA, NOT
LITTER IMCIDENCE (%) ot 0.0) ol 0.0) 0 0.0} i 5.9
FETAL INCIDENCE W(v} of 0.0 ot 0.0) of 0.0 14 o.0t
POOTHOTES
a. § through 19 of gestation.
b. Petuses with alterations of the skull and/or hyoid are not in this except when

o
Includes ell alteratione noted for tbe skull

ocesifisd; eye sockst, small.

ocssitication.

d. Petus 7110-) had other skeletal alteraticas.

e. TFetus 7110-6 had other sksletsl alterstions.

£, Petus 7110-7 hed othex akeletel alterations.

g. Petus 7310-8 had othar sksletal alteraticns.

h, Fetus 7110-9 had other skaletal .

4. Petus 7110-10 had other skaletal alterations
3. Patus 7123-6 otber skaletal .

k. Petus 7138-4 bad other sheletal alterations.

3. Petus 7153-10 had other skeletal altsraticos.
=, Fatum 71637 had other akaletal alrerations.

n. Petus 7166-10 bad other skeietal alterations.
o, Fetus 7167-3 had other skeletsl slterations.

P, Fetus 7168-1 had other skeletal sitarations.

q. Fetus 7168-2 had other skeletal alteraticns.

T. PFetus 7168-3 bad other skelstsl .

. Petus 7160-4 had other akeletal alterstions.

€. Fetus 7168-S had other skelstal altarsticns.

u, Petus 7162-¢ bad other skeletal N

v, Fetus 7160-7 had other skeletal alterations.

w. Yetus 7168-8 had other skeletal al .

%, Yetus 7168-9 bad other sheletal slterations.

y. Petus 7168-10 had other akalatal altsrations.
S. Tatus 7171-2 had other skeletal

i
!
2
i
i

. alate),

large; palate, incospletely
irregular

axoept hyold, 1
‘These cataguries ars excluded because these alteraticns do mot result from
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VI Summary and Evaluation

Armodafinil (R-modafinil) is the R-(levorotary) enantiomer of modafinil, a racemic compound
previously approved for the treatment of narcolepsy, obstructive sleep apnea/hypopnea
syndrome, and shift work sieep disorder in adults (NDA 20-717). The agreed-upon (pre-NDA
meeting 10/22/04) bridging studies for this application consisted of safety pharmacology, 13-week
repeat dose toxicity studies in rats and dogs and an embryofetal developmental toxicity study in

rats ? N :
Ry S e o SOMe quallflcatlon studles (4-week
general toxwlty in vitro gentox) were performed W|th a lot (03188K2a) considered representative
of the clinical drug substance batches.

In pharmacology studies in which the enantiomers wére compared to each other and the

racemate, there were no obvious differences aside from some differences in potency (eg, the S-

enantiomer was more potent in increasing locomotor activity; Table 1.2). Similar stimulant-like
behavioral effects were observed in mice and rats; like the racemate, S- and R-modafinil both
produced increased spontaneous activity, hypersensitivity to noise, and stereotypy (repetition of
the same actions such as self-biting, cage biting, and other behaviors in the cage) in rats.
However, in rats following pretreatment with an inhibitor of hepatic metabolism (proadifen) which
lowered the dose at which stereotypy was seen, the extent and duration of stereotypies were
greater (up to 2X) for R-modafinil than for S-modafinil or racemic modafinil. Studies of the wake-
promoting activity of modafinil and its enantiomers in rats showed them to be similar. When
waking activity was evaluated in the rat by recording EEG/EMG activity, all 3 compounds
produced a significant wake-enhancing effect at 100 mg/kg ip in rats, but S-modafinil showed
significantly greater activity than either the R-enantiomer or racemate. The difference in
pharmacological activity between the enantiomers was thought be at least partly due to PK
differences, ie, increased clearance of R- compared to S-modafinil in rats.

No competitive ligand binding inhibition was found when R-modafinil was tested against a panel
of receptors and ftransporters, including adenosine, benzodiazepine, dopamine, galanin,
melanocortin, melatonin, and serotonin, at concentrations of up to 10 uM. However, in rat striatal
preparations, the R-enantiomer, like the racemate, bound to the dopamine transporter (IC50 = 4.1
uM). There were no significant differences in the affinities of the isomers or racemate for the
dopamine transporter site.

R-modafinil was well-absorbed and eliminated mainly by metabolism (hydrolytic and oxidative) in
the animals species tested. Metabolism appears to be enantioselective, and enantioselectivity
species-specific. S-modafinil was more rapidly cleared than R-modafinil in mice, dogs and
humans, while the opposite was true in rats. Like racemic modafinil, R-modafinil induced hepatic
enzyme activity in vivo in rats, mice, and dogs. During studies in rats and dogs, exposure to the
parent generally decreased with repeated dosing, sometimes markedly, indicating autoinduction.
At high doses in rats and dogs, there is evidence of saturability of elimination pathways. There
was no evidence for interconversion of the enantiomers.

Safety pharmacology studies did not reveal any new risks for R-modafinil. The cardiovascular
safety evaluation included an in vivo study in conscious dogs and an in vitro study with dog
Purkinje fibers. Effects included possible increases in HR and decreases in the RR, QT, and
QTcF intervals at oral doses of 20 mg/kg or greater, and a decrease in action potential duration at
concentrations of 50 WM or greater. These results did not indicate that R-modafinil is likely to
induce QT prolongation in vivo. Behavioral effects in the Irwin study included hyperactivity and
stereotypic behavior at 2100 mg/kg po.

In an acute toxicity study of the isomers in rats, R- and S-modafinil were given once at oral doses
of 0 (Ora-Plus vehicle), 500, 700, or 1100 mg/kg. Administration of the S-isomer produced
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mortality in 0/5 males and 2/5 females at the HD. The R-isomer produced mortality in 1/5 males
and 3/5 females at the HD. Both isomers produced hyperactivity and stereotypy at all doses. In
animals that died, histopathological examination of the kidney and stomach revealed vacuolation
in the proximal tubular epithelium, dilation of the distal tubules in the kidney, and erosion in the
glandular stomach. Exposure increased in a greater than dose-proportional manner for males and
females given the R-isomer and males given the S-isomer. Based on the results of this study, the
minimum lethal dose and production of clinical signs were considered to be comparabie between
the two optical isomers.

In repeated-dose oral toxicity studies in rats and dogs of up to 13-weeks duration, typical
stimulant-like CNS signs (hyperactivity and stereotypic behavior), and clinical pathology and
histopathology changes indicative of effects on the RBCs, kidney (rats), bladder (rats), liver, and
possibly heart (rat) were observed with both the racemate and R-enantiomer. As previously
observed with modafinil, R-modafinil did not produce a clear increase in malformations in rats but
was developmentally toxic at doses that were minimally maternally toxic. There was no clear
evidence of mutagenic or carcinogenic potential in studies of either R-modafinil (gentox) or
modafinil (Tg.AC). However, in all the of toxicology studies of R- and racemic modafinil, the
highest doses evaluated were associated with plasma exposure to parent that were very low in
comparison to clinical exposures. This has often been a problem with stimulants, due to the
sensitivity of animals to the pharmacological effects of these agents (including hyperactivity,
stereotypy, and anorexia), and is exacerbated in this case by the apparent autoinduction of
metabolism seen in all animal species.

In the 13-week rat study, at oral doses of 0 — vehicle), 60, 200, or 600 mg/kg of R-
modafinil or 400 mg/kg racemic modafinil, dose-related clinical signs (including stereotypic
behavior at all doses), decreased BW gain in males (SS in MD and HD R-modafinil and
modafinil), clinical pathology changes (decreased RBC parameters and increased WBCs at MD
and HD R-modafinil and modafinil), and microscopic findings in the bone marrow (increased
cellularity), spleen (increased splenic hematopoiesis and pigment), thyroid (hypertrophy of
follicular epithelium at HD R-modafinil or modafinil), liver (hepatocellular hypertrophy and focal
necrosis at MD and HD R-modafinil and modafinil), kidney and urinary bladder (renal tubular
regeneration and chronic inflammation and hyperplasia and increased apoptosis of bladder
urothelium at all doses of R-modafinil and modafinil), and possibly heart (chronic cardiomyopathy
in HD R-modafinil and racemate) were seen with both R-modafinil and modafinil. Bone marrow
hypercellularity and splenic extramedullary hematopoiesis were consistent with a regenerative
response to the anemia produced. Hepatocellular hypertrophy was considered to be due to
enzyme induction, and follicular cell hypertrophy in the thyroid was thought but not proven to be
secondary to increased metabolism of circulating thyroid hormones. Although not demonstrated
in these studies, urothelial hyperplasia in rats was thought to be due to alterations in urinary pH
by modafinil as has been shown with other drugs. All effects were at least partially reversible. TK
data showed that exposures to parent were generally greater in females than in males. While
autoinduction was seen in other rat studies, AUCs did not decrease over time in this study.
Plasma exposures to parent at the highest dose of R-modafinil tested (600 mg/kg) were about
equal to those expected in humans at the maximum recommended dose of 250 mg (~150
ug.h/ml). Based on nephropathy and urothelial hyperplasia/apoptosis of the bladder epithelium,
the LOAEL of R-modafinil was 60 mg/kg/day, which was associated with AUCs <1/10 those
expected clinically. (Exposure comparisons are somewhat problematic due to species differences
in metabolite formation.) The relevance of these findings is unclear, given species differences in
the metabolism of modafinil and since they have not been seen in dogs or reported in clinical
experience with the racemate. Although the bladder findings were apparently not noted in
previous subchronic or chronic rat studies with the racemate, which were conducted at oral doses
of up to 400 mg/kg, they were seen with comparable incidence and severity in racemic and R-
modafinil groups, at similar total modafinil exposures, in the current study. Renal histopathology
observed in the current rat studies after administration of R- or R,S-modafinil has been reported
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' previously in subchronic or chronic studies of modafinil (NDA 20-717). Although the pathology
descriptions are somewhat different, this was considered to result from an exacerbation of the
chronic progressive nephropathy commonly seen in aging rats.

In the 13-week dog study, at oral doses of 0 ——- 3 vehicle), 7.5, 20, or 50 mg/kg R-modafinil
or 76—60 mg/kg racemic modafinil (1 T-R death; dose lowered on D13), CNS signs, including
hyperactivity and stereotypy (all doses R-modafinil and racemate), transient body weight loss

(MD and HD R-modafinil and racemate), decreased RBC parameters (up to 25% below C; all

doses R-modafinil and racemate), increased alkaline phosphatase and cholesterol (up to 4-fold;
all trmt groups), increased liver/gallbladder and kidney (males) weights (all trmt groups), and
microscopic changes in the liver (hepatocellular hypertrophy and bile stasis at MD and HD R-
modafinil and racemate), thymus (thymic involution/lymphocytic depletion at all doses), and
possibly kidney were observed in both R-modafinil and racemic modafinil groups. There was
evidence of reversibility for the liver and thymus effects in the 4-week recovery group.
Toxicokinetic data indicated no sex difference in exposures, which decreased markedly between
D1 and Wk4. At the HD of 50 mg/kg, exposures to R-modafinil were only about 2/3 those
expected clinically at the MRD of 250 mg.

Result of genotoxicity results submitted with NDA 20-717 d|d not |nd|cate that racemic modafinil
was mutagenic or clastogenic. 3
—memeess 2N Ames test and chromosome aberration assay in human’ Iymphocytes were
conducted with R-modafinil (Lot 03188K2a). The results in both cases were negative.

Carcinogenicity studies were not performed with R-modafinil, rather the studies conducted with
the racemate were relied upon (NDA 20-717). However, the original mouse carcinogenicity study
of racemic modafinil was deemed inadequate because the HD (60 mg/kg) evaluated was not
considered to be an MTD, and the drug was approved with the stipulation that another mouse
study be performed Phase 4. In order to fulfill this requirement, modafinil was evaluated in a 26-
week Tg.AC transgenic mouse bioassay, which was approved by the CAC. In this study
(previously reviewed; review dated 6/1/04), racemic modafinil was applied dermally twice a day to
groups of Tg.AC mice (20 sex/group) at daily doses of 0 (methanol vehicle), 125, 250, and 500
mglkg for 26 weeks. Doses were based on the results of a 28-day dermal toxicity study in the
parent FVB/N mouse strain and were agreed upon by the CAC (previously reviewed; minutes
dated 3/4/03). The HD of 500 mg/kg was considered to represent the maximum feasible dose
based on volume of application and vehicle (methanol) solubility limitations. The positive control
was treated with tetradecanoyl phorbol acetate (TPA). There were no statistically significant
increases in incidences of dermal tumors at the site of application or in incidences of neoplastic
changes in other tissues examined. However, there was an apparent non-dose-related increase
in skin tumors in treated females: incidences of mice with skin tumors (latent and actual) at all
sites (SOA and NSOA) were 2/20, 20/20, 0/18, 1/19, and 1/17 males; and 0/18, 20/20, 2/20, 6/20,
and 2/20 females in vehicle control, positive control, and LD, MD, and HD modafinil groups,
respectively (Table 1V.A2). Most of the increase was in NSOA latent papillomas in MD females
(5/20). The positive control only increased tumors at the SOA. The significance of an increase in
NSOA tumors without an increase at the SOA is uncertain. It could reflect a requirement for
metabolic activation. In validation studies for the Tg.AC model, topical applications of the known
human carcinogens melphalan and cyclophosphamide increased NSOA papillomas without
increasing skin tumors at the SOA (Toxicol Pathol 29 (Suppl 1):60-80, 2001). These were
considered equivocal responses in the literature report. TK data collected in the 4-week range-
finding study for modafinil indicate that exposures were very low compared to human therapeutic
levels, apparently due to autoinduction (although metabolite levels decreased too; see Table
IV.A1). Interestingly, at the end of the 4-week treatment period, exposures at 125 mg/kg bid were
higher than those at 250 mg/kg bid in females. However, it is not known how plasma
concentrations relate to dermal exposure, which would presumably be the relevant measure in
this study. In addition, since there are no TK data from the 26-week study to confirm the non-
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linearity, and the increase in papillomas was neither D-R nor SS, the resuls cannot be
considered conclusively positive. Another question relates to the model itself. While the topical
Tg.AC assay was apparently considered appropriate for evaluation of an oral drug at the time it
was accepted (by full CAC, 10/97), it is not now (personal communications from D. Jacobson-
Kram and Abby Jacobs). This has to do in part with the inability of the dermal model to
adequately assess the carcinogenic potential of metabolites, of which there are two major ones
for modafanil. '

In the two-year rat carcinogenicity study of racemic modafinil, doses of 0, 6, 30, or 60 mg/kg/day
were administered in the diet. There were no clinical signs or BW effects indicative of dose-
limiting toxicity, but mortality was increased somewhat in HD males compared to C. This was
attributed to a treatment-related increase (or exacerbation) in the severity of chronic progressive
nephropathy. At the end of treatment, hepatocellular carcinoma was observed in 2 of 28 surviving
HD females, but was not considered T-R. The adequacy of this rat study is questionable. Limited
plasma level data indicated that concentrations were well below those seen clinically (see
previous reviews). The pharm/tox reviewer (Aisar Atrakchi) considered the study inadequate
based on failure to evaluate an MTD (original NDA review dated 3/31/97), but the exec-CAC
disagreed and concluded that an MTD had been reached based on mortality and transient BW
reduction seen at the HD (minutes dated 3/11/97). The study was ultimately accepted, but it must
be viewed as marginal at best and, in combination with the 2 less-than-adequate mouse
carcinogenicity studies, does not inspire much confidence in the assessment of carcinogenic
potential for modafinil or, by extension, armodafinil.

As a condition for approval of NDA 20-717 for racemic modafinil, an oral fertility and general
reproductive performance study was to be conducted Phase 4. The original study was not
thought to have evaluated an MTD and was not conducted according to current GLP. In the
Phase 4 study submitted with the current application, in which male and female rats were given
oral doses of 0 (vehicle), 100, 240, or 480 mg/kg prior to and during mating and early gestation,
clinical signs (stereotypy) and mortality (2 males) were observed at the HD and decreased BW
gain was seen at the MD and HD. There were no effects on fertility, sperm, estrous cycling, or C-
sectioning parameters, but there was a D-R increase in time to mate (days in cohabitation) in
males and females (SS at HD). The reproductive NOAEL of 240 mg/kg was associated with a
plasma exposure to parent that is about equal to that in humans at the recommended dose of 200
mg.

The effects of R-modafinil on embryo/fetal development were examined in rats. In this study,
dams were given oral doses of 0 (vehicle), 60, 200 or 600 mg/kg from GD7 to 17. Clinical signs
(hyperaciivity, hyperreactivity and repetitive chewing) and decreased BW gain at the HD indicated
an appropriate level of maternal toxicity. In the C-section and fetal evaluations, there was a slight
increase in resorption (early) and fetal body weights were reduced (SS) in the HD group. There
was an increase in the number of fetuses with any alteration observed at all doses (SS at MD and
HD). This increase was primarily due to increased numbers of fetuses with common visceral and
skeletal variations (eg, dilation of the renal pelvis and decreased ossification of sternal centra).
The sponsor did not consider these T-R because there was no clear dose relationship for any one
specific type of alteration; however, the combined incidence is generally considered an index of
developmental toxicity, and some of the skeletal variations were related. Based on the individual
data, it appeared that incidences of variations were increased at the MD and HD. Therefore, R-
modafinil shouid be labeled as a developmental toxicant, based on increased incidences of
visceral and/or skeletal variations at the MD and HD and decreased fetal BW at the HD. The
developmental NOEL was associated with maternal plasma levels that were below the detection
limit in most cases. The LOEL produced an AUC that is about 1/5 that in humans at the clinical
MRD. The results of this study appear to be in agreement with those in the first modafinil
embryofetal study, in which resorptions and visceral and skeletal variations were increased at the
HD of 200 mg/kg. A subsequent rat embryofetal development study at doses of up to 480 mg/kg
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did not find any developmental effects, but there was some question about the conduct of the
study based on the variability of maternal blood levels (see review dated 7/2/01).

In a rabbit embryo/fetal development study of modafinil conducted as part of the Phase 4
commitment, does were given oral doses of 0 (vehicle), 45, 90, or 180 mg/kg from GD 6 through
18. Clinical signs and decreased BW gain indicated sufficient but not excessive maternal toxicity
at the HD. Resorptions were increased in the HD group (~2X), resulting in a reduced number of
live fetuses, and there appeared to be a slight decrease (NS) in fetal BWs at the MD and HD. An
increased incidence of fetal alterations was found in the HD group. This was attributed by the
sponsor to 1 litter with similar alterations which were not considered T-R. One litter also
contributed most of the alterations in the control group. However, when these two litters were
excluded or the number of litters with alterations or the number and severity of malformations
were considered, skeletal malformations and some skeletal variations appeared to be increased
somewhat at the HD. Therefore, based on these data, modafanil should be identified as a
developmental toxicant, based primarily on embryolethality, which could have masked a more
obvious teratogenic effect. The MD, which can be considered a NOEL for adverse effects on
embryo-fetal development, was associated with maternal plasma exposures to parent
approximately equal to those expected clinically.

Although the pre- and postnatal development studies of modafinil were accepted for NDA 20-717,
they were non-standard in that neurobehavioral assessments were not conducted on offspring
exposed for the currently recommended period of development, ie, implantation through weaning
(see NDA review). This does not provide a complete assessment for a neuroactive compound,
given the protracted critical period for brain development.

The studies of R-modafinil submitted, which can be considered adequate with respect to conduct
and “fitness for purpose” (ie, bridging to modafinil studies), indicate that that there is no significant
difference in toxicity between R-modafinil and racemic modafinil at comparable exposures (total
parent) in studies of up to 3 months duration. But since the bridging strategy rests on the premise
that the toxic potential of modafinil is understood, questions about the adequacy of the toxicity
evaluation of modafinii are raised. This is of course primarily important for
reproductive/developmental toxicity and carcinogenicity assessments, which the clinical
experience with modafinil would not address. It appears that when the bridging strategy for R-
modafinil was accepted by the Division, it was assumed that the deficiencies in the original
modafinil non-clinical studies had been  or would be corrected postapproval. But the
carcinogenicity assessment remains problematic (see above). It is recommended that this be
addressed in a carcinogenicity study of R-modafinil, which could be conducted Phase 4. In light of
the poor (or non-existent) exposure margins achieved in the animal studies of both modafinil and
R-modafinil, the use of R-modafinil for this study can be justified by its lower capacity to induce its
own metabolism in rodents compared to the racemate as well as by the absence of chronic
studies with the R-enantiomer (exposure in mouse studies of modafinil is unknown). In addition,
while the Phase 4 reproductive and embryofetal development studies are adequate, the pre- and
postnatal developmental toxicity evaluation of modafinil is incomplete and should be repeated
according to current standards with armodafinil.
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VIL. Recommendations

The NDA is approvable with respect to the pharmacoloavltoxncoloav portion an the

condition that a carcinogenicity assessment .
RS sy be conducted Phase 4. Recommendations concermng the
proposed labeling are made below.

cc:
NDA (21-875)
Div File J.E. Fisher, Ph.D.
HFD-120/EFisher/LFreed/CCalder
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